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for  their  perpetual  Oppofition  to  the  S  U  N}  upon 
philofophical  Principles. 

[v  PART  II. 

Pointing  out  fome  important  Ends  for  which  thefa 
TAILS  were  probably  defigned  :  Wherein  it  is 
fhewn,  that, in  Confequence  of  thefe  curious  Append¬ 
ages,  COMETS  may  be  inhabited  WO  R  LD  S, 
and  even  comfortable  Habitations  •,  notwithstand¬ 
ing  the  vaft  Excentricities  of  their  Orbits. 
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PREFACE. 

t 

xrr'H  E  deftgtt  of 'the  following  EJfay  was ,  partly  to  era- 
-/  die  ate  fome  abfurd  notions  which  have  been  hand¬ 

ed  down  from  the  darkefl  periods  of  antiquity ,  and 
•which  are  fill  entertained  by  fome ,  upon  the  appearance  of 
a  Comet  j  and  to  remove  the  apprehenfions  which  may  have 
been  excited  in  the  minds  of  others ,  even  by  the  writings  of 
fome  great  men  among  the  moderns  :  And  partly  to  offer  to 
thofewho  indulge  themfelves  in  more  abftrufe  refearches  after 
the  operations  of  natural  caufes ,  a  few  hints ,  the  profecution 
ef  which  may  enlarge  the  field  of  pkilofophi cal  f peculation , 
and  open  to  all  a  new  fource  for  adoration  of  the  wifdom 
and  beneficence  of  that  Being ,  who  has  made  nothing  in 
vain ,  and  has  difpofed  the  various  parts  of  the  Univerfe  by 
weight  and  meafure.  It  may  therefore  be  prefumed ,  that , 
if  the  Author  is  fo  happy  as  to  be  underfiood  by  the  gene¬ 
rality  of  his  readers  ( which  he  has  aimed  at  throughout  the 
whole )  the  gentlemen  of fcience  will  pardon  thofe  minute 
difeuffions ,  which  they  may  judge  unnecejfary ,  and  that  they 
I  will  weigh  with  impartiality  the  arguments  which  may  be 
offered  for  their  confideration ,  overlook  any  immaterial 
\  inaccuracies ,  which  may  have  arifen  through  inadvertency , 
and  point  out  and  refute  with  candour  any  mifiakes  which 
he  may  have  fallen  into. 

IT  is  now  well  known  to  aflronomers  that  the  motions  of 
Comets  are  regulated  by  the  univerfal  law  of  gravitation , 
and  that  they  regard  the  Sun  as  the  common  center  of  all 
their  motions ,  equally  with  the  Planets ,  although  they  are 

more 
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more  numerous ,  and  apparently  difiintt  in  fpecies  from  them . 
The  Planets,  fince  the  difcovery  of  the  Satellites  or  Moons 
which  attendfome  of  them ,  are generally  ,and  with  the  highefi 

reafon  fuppofed  to  be  inhabited  Worlds  like  the  Earth. _ 

Whereas  it  has  been  thought  even  by  fome  of  the  greateji 
modern  aftronomers ,  that  the  extremes  of  heat  and  cold  to 
which  Comets  are  alternately  expo  fed  in  the  different  parts 

of  their  orbits,  are  irreconcileable  with  the  notion  of  their, 

being  fit  habitations  for  any  material  race  of  beings  what - 
ever.  They  are  to  this  day  regarded  by  the  bulk  of  man¬ 
kind,  either  as  portentous  meteors,  exhibited  only  to 
threaten  war,  famine  or  pefiilence  to  the  inhabitants  of  the 
Earth  ;  or  as  fiery  globes  which  move  thro *  the  Heavens, 
at  random,  and  might  fortuitoufiy  come  acrofs  the  Earth  in  , 
Us  way,  to  it  is  nofmall  detriment ,  if  not  to  the  defirufiion, 
of  its  inhabitants ;  or  lajlly  as  penal  worlds,  ordained  to  a 
perpetual  chaotic  fiate,  who  fe  inhabitants  are  condemned  to- 
be  f  ozen  and  burned  alternately ,  at  their  apheiia  and  peri- 
helia  •,  agreeable  to  Milton’;  idea  of  the  punifhment  of 
apofiate  fpirits  ;  f peaking  of  whom  he  fays, 

“  They - — - - feel  by  turns  the  bitter  change 

Of  fierce  extremes,  extremes  by  change  more  fierce,  (4 
From  beds  of  raging  fire  to  ftarve  in  ice 
I  heir  loft  sethereal  warmth,  and  there  to  pir.e 
Immovable,  infix’d,  and  frozen  round 
Periods  of  time,  thence  hurried  back  to  fire.” 

Paradise  Lost,  Book  II. 

THE  firfi  of  theft  opinions  was  exploded  long  ago  by 
Seneca;  who,  infiead  of  regarding  Comets  as  trarfient 
meteors ,  on  the  contrary  ranks  them  with  “  the  eternal 
'works  of  Nature.”  The  fecond  diredtjy  contradicls  the 

'  "  '  'idea 
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idea  of  a  divine  fuperintendency ,  and  falls  ofcourje,  mtU 
minds  of  tbofe  who  entertain  any  juft  apprehenfion  f 
"tiLJcare  of  the  great  Author  and  Governor  o  h 
Univerfe.  And  as  to  the  lafi,  with  what  colour  of  redo 
caZ  fuppofi  that  the  Creator  would, provide  upwards  of 
Z  Worlds  (for  fo  man}  different  Comets  and  more  there 

25  J)  m  m  *  rfr;s  if;  ‘z: 

ririble  inhabitants  of  Jive  or  fix  Planets  only  .  On  the 
contrary  does  it  not  redound  more  to  Us  honour ,  to  conftder 
ihefe  bodies  as  fo  many  inhabited  Worlds,  proved  with 
every  neceffary  for  the  comfortable  fubf, fiance 
hie  inhabitants,  rational  and  r. national,  like  the  ■ 

Or  as  Debtor  Young  (fpeaking  of  the  C  R  E  ATO 
and  bis  works)  beautifully  expreffes  htmfelf ; 

“  Darts  not  HIS  Glory  a  (till  brighter  Ray, 

The  lefs  is  left  to  Chaos  and  the  Realms 

Of  hideous  Night  - - 

•  Night  Thoughts,  Night  9. 

the  reader  will  find  {in  the  introduction)  that  the 
tonfideration  of  the  fubjebi,  in  this  light,  was  firfi  fiar ted 
Hugh  Williamfon,  M.  D.  of  Philadelphia,  m 
treatife  that  was  publifhed  in  one  of  the  weekly  papers  ■ 
which,  as  it  contained  fome  new  thoughts,  the  purfut  of 
which  (it  was  judged)  would  tend  to  the  improvement  of 
natural- phitofophy,  firfi  induced  the  Author  to  under  a 
the  following  Effay,  upon  afubjeCt  indeed  which  till  the., 
he  had  but  little  attended  to  :  He  therefore .  hopes  that 
if  any  obfervations  or  refleSlions  /hall-  turn  up,  m  the  courje 
cf  it,  which  may  merit  the  attention  of  his  readers,  an  ma, 
have  efcaped  the  notice  of  others,  they  may  in  fome  w"/*" 


•tonefcr  the many  defeat,  of  which  he  i,  apprcbenfwe  ctni 
fUh  “re  Emitted ™ho  have  Jade  „Z 
fictency  in  natural  knowledge,  than  he  pretends  fo,  torjify. 

V  gentlemen 

induced  to  conjent  to  its  publication  •  But  when  th 

Jr  f  '  u  h  ^  diffidence  of  its  title  to 

thar  favourable  reception  was  naturally  incjfed,  which 

on  ave  excited  in  his  mind  a  proportionable  rduclanrp  m 

>‘t  appearance  abroad,  left  their  cJermionsfhoJuJJ 

pc.nted,  had  he  not  been  fully  perfuaded,  that  the  gJaL 

*  ***  **h* .  ffOtZfiZ' 

TLmmsr ,han  m  anemt‘  * 

'■.Jjtf  trUlhSc  th‘  kmwkdSe  °f  whi<b  *9-  tend  to  pro- 
firvJ\7jjLdnCe' andthcnb  naypm  he  of  feme 

Kn ZjJt  ftd  ^  fmt‘ha‘  D°B°r  G°wi"' 

phenomena  of  the  tails  of  Comets  front  the  fame  print, 1 

ta  J  .  eni!avoured  10  i MUJh  in  the  foiled L 

t  a  ,  a  mutual  repellency,  fub/ijling  between  the 
a  mefpheres  op  the  heavenly  bodies  :  As  the  DeVor 
■ohen  he  wrote  h,s  treatife,  was  engaged  in  the  oenerll 
fo  utton  of  all the phenomena  in  Nature,  by  the  help  of  ,wt 
umverfal  principles,  viz.  AttraBion  and  Repulfwn,  he  but 
fitghth  touched  upon  the  particular  phenomena,  now  under 
confutation  ;  accordingly  what  be  fays  upon  the  fubjeais 

very 
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$sry  fhort,  being  included  within  the  cmpafs  of  afingU 
corollary,  which  artfes  out  of  a  hug  chain  of  dedti&ions 
from  the  hoofed  properties  of  an  imaginary  repellent 
fluid ,  uniformly  dflributed  throughout  the  infinity  of 
fpace  *,  the  exiflence  of  which,  however  probable,  has  never 
been  proved:  When  the  author  wrote  that  part  of  the 
Effay  which  is  confined  particularly  to  this  fubjebl,  Bo 51  or 
Knight 'sfolutionwas  entirely  out  of  his  mind,  if  he  had 
everfeen  it  before.  He  therefore  took  a  different  courfe  to 
eflablifh  the  principle,  deducing  it  from  the  known  pro- 
■  perties  of  air,  a  real  fluid ,  the  exi fence  of  which  we  are 
certain  of,  from  the  immediate  teftimony  of  our  fenfes, 
as  we  are  of  its  properties  from  innumerable  experiments. 
<phis  element  differs  effentially  from  the  Debtor's  ttniverfal 
i  fluid,  which  indeed  hefuppofes  to  confifl  of  particles  mutually 
‘  repellent,  like  thofe  of  air,  but  fo  inconceivably  rare,  that 
a  quantity  of  it  faffcient  to  fill  the  whole  fpace ^  occupied  by 
thefolar  Syflem ,  might  not  weigh  one  fingle grain  ( Knight's - 
Effay,  page  15J :  Air  on  the  contrary,  is  a  heavy  fluid,  the 
prefure  of  which,  merely  from  its  gravity-,  is  capable  of 
giving  great  pain  to  thofe  who  may  attempt  to  fuflain  its 

Weight,  in  pneumatical  experiments’. 

' 

HOWEVER,  it  does  not  follow,  that  if  dir,  con- 
fidered  as  a  fluid  fui  generis,' is  Efficient  immediately  to 
account  for  the  phenomena  before  us,  we  Jhould  therefore 
exclude  the  agency  of  another,  upon  whofe  exiflence  and 
properties  (if  proved)  the  properties  of  air  itfelf  may  poffibh 
depend.  By  juppofingfuch  an  univerfal  repellent  fluid, 
Boblor  Knight  has  very  curioujly  accounted  for  many  of 
the  phenomena  of  Nature,  which  are  fo  common  a?  to  be 
but  little  attended  to  *,  fuch  as  fluidity,  elaflicity,  mag-  _ 
netifm,  And,  whether  the  mutual  repellency  of  the 


r 
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0 

tTUckl  6fttirt  f " (al b'fiwfii) or  does m  depend  uvo * 
the  prefence  of  the  fame  fluid ,  /fc  conclufwn  mil  equally 
follow  that.  The  aerial  atmofpheres  of  the  heavenly 
bodies  are  mutually  repellent. 


Vi*. 


»HE  reader  is  delired  to  make  the  following  corrections  the  nereffir  ^ 
propriety  of  which  were  no,  dif.o.ered  J.  f„fcn  t0  him  , 


■y ' 


r  ?r ~  ttTfi.?:  • 

to  read,  atmofpheres.  In  Pace  fg  LW  f  a  T™!  ^  atmo{Ph»', 

lead,  decreafe  of  the  Jevfity  of  itl  atmofphere^In  Pace^S  o^L"'  atm°fphere’ t0 
whereby  the  prefence  of  the  s,,n  A.  I  *  n  .^e  So,  Line  17,  to  read, 

after  the  word  Comet,  to  inf.rt  thefe  wofds  ?  °fthe  *“*  PagC> 

fertx  of  fa  orbit •  *  *  «  **  the  remoter 


\ 


essay 


T 


-- 


\ 


mmm 


INTRODUCTION 

:  7.7*  '  '  r-  1  t 

TO  THE 

ESSAY. 


.rn 


>  ■  •  ;  1 0 


N  the  month  of  September,  1769,  during  the  ap¬ 
pearance  of  a  remarkable  Comet,  Dotftor  Hugh 
iVilliamfon  of  Philadelphia  favoured  the  publick 
with  a  treatife  on  the  fubjeft  of  the  following  Eflay, 
which  was  read  before,  and  publifhed  by  order  of  the 
Philofophical  Society  in  that  city.  This  piece  con¬ 
tained  fome  curious  hints,  well  deferving  the  attention 
of  the  friends  of  fence  :  Particularly,  that  Com¬ 
ets  as  well  as  the  Planets,  may  be  habitable  Worlds  ; 
that  the  comfortable  ftate  the  inhabitants  of  the  various 
globes  of  the  folaf  fyftem  enjoy,  may  not  depend  merely 
upon  their  feveral  diftances  from'  the  Sun  •,  and,  that 
although  the  rays  of  the  Sun  may  be  abfolutely  ne- 
ceflary  to  the  very  exiftence  of  planetary  heat,  yet  the 

temperature  of  that  teat  may  depend  upon  the  denfities 
of  the  atmofphetes  furrounding'  the  feveral  globes  •, 
whereby  the  Comers*  even  in  thefr  apKeiia,  may  be 
rendered  comfortable  habitations,1  by  rheansrof  the  valt 
atmofpheres  which  attend  them,  and  which,  when  they 
rhight  become  detrimental  to  their  inhabitants,  as  when 
they  ate  in  the  neighbourhood: of  the  Sun,  are,  by  the 
momentum  of  the  Sun’s  rays,  or  by  fome  other  caufe, 
thrbwn  off  to  immenfc  distances  behind- them. 
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I  he  peruial  of  this  treadle  occafioned  the  following 
attempt  to  eftablifh  the  dodrine  of  the  habitability  ot 
Comets,  advanced  therein  by  Dodor  Williamfon. 

We  differ  indeed  in  our  hypothefes  to  account  for 
the  phenomena  of  their  tails  ;  but  whichfoever  may 
be  the  true  one,  all  bis  conclufions,  relative  to  the  den- 
fities  of  their  atmofpheres  in  the  various  parts  of  their 
orbits,  may  equally  follow. 

The  Dodor  s  hypothelis,  which  is  the  fame  with 
Kepler's,  fuppofes  the  atmofphere  of  a  Comet,  by  the 
velocity  and  confequent  momentum  of  the  Sun’s  rays, 
to  be  propelled  through  immenfe  fpaces  behind  its 
body,  whereby  the  tail  is  formed,  which  is  rendered  I 
vifible  by  refleding  thofe  rays. 

I  ms,  it  muff  be  confefled,  feems  to  be  as  natural 
and  eafy  a  folution  as  any  one  hitherto  offered  ;  and 
might  be  embraced  as  fuch,  had  any  one  experiment 
ever  been  produced  to  prove  the  rays  of  light  endued 
with  any  fuch  power,  even  upon  the  moft  minute  cor- 
pufcles,  or  the  moft  rarefied  vapor.  Sir  Ifaac  Newton 
paffes  it  by  with  little  more  than  a  bare  mention, 
(Princip.  under  Prop.  XLI.  Book  III.)  which,  as  it  is 
fo  plaufible,  is  difficult  to  account  for  ;  efpecially  as 
he  fills  pages  to  refute  others,  that  are  almoft  felf- 
evidently  abfurd.  This  hypothefis,  however,  has  ne¬ 
ver  been  confirmed  by  any  one  experiment,  although 
an  age  has  elapfed  fince  Kepler1  s  time,  during  which 
experimental  philofophy  has  been  at  its  zenith.  There¬ 
fore,  as  Mr.  Profeftor  JVinthrop ,  in  his  ledures  on 
Comets,  obferves,  “  much  ftrefs  ffiould  not  be  laid 

**  upon 
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iC  upon  it,  as  we  know  of  no  parallel  inftance  in  na- 
«  tureto  fupport  it.”  The  hypothecs  contained  in 
this  Eflay  is  founded  upon  a  mutual  repellency,  which 
\9  fuppofed  to  fubfift  between  the  feveral  atmofpheres 
of  the  heavenly  bodies  •,  which  is  deduced  from  the 
repellency  of  the  particles  of  air,  of  which  the  at  mo  - 
phere  of  the  earth,  and  thofe  which  turround  the  other 
alobes,  are  compofed.  That  our  atmofphere  confifts 
of  particles  thus  repellent,  is  certain  from  the  whole 
fyftem  of  pneumaticks,  as  no  one  experiment,  in  that 
ufeful,  inftruftive  and  entertaining  branch  of  natura 
philofophy,  can  be  performed,  which  does  not  depen 
upon  this  property  of  AIR.  That  the  Sun  and 
Planets  have  fimilar  atmofpheres,  will  appear  in  the 
following  pages. 

Sir.  Ifaac,  after  having  refuted  feverai  hypothecs, 
which  had  been  raifed  by  others,  to  account  for  the 
afeent  of  Comets  tails  from  the  Sun,  at  length  rather 
hints  at,  than  fubftitutes  one  of  his  own  5  as  he  aliens 
nothing  pofitively,  but  only  offers  a  query  tor  h'econ- 
fideration  of  his  readers.  Therefore  it  is  hoped  that 
nothing  here  advanced  will  be  confidered  as  a 
rath  attempt  to  confute  that  illuftrious  author. 

“  afeent  of  fmoke  in  a  chimney  (fays  he)  is  owing  to 
“  the  impulfe  of  the  air  with  which  it  is  entangled. 
«  The  air,  rarefied  by  heat,  afeends  becaufe  its  ipecihc 
“  uravity  is  diminifhed,  and  in  its  afeent  carries  along 
«  with  it  the  fmoke  with  which  it  is  engaged.”  (Pnn- 
cip.  ubi  fupra).  To  which  he  adds  the  following  query  : 
“  And  why  may  not  the  tail  of  a  Comet  rife  f  rom  the 
“  Sun  after  the  lame  manner  r”  Previous  to  an  an- 
fwer  to  this  query,  let  us  confide:  moie  particular) 
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the  caufes  of  the  afcent  o f  vapors  in  pur  atmofphere. 

affil'ed  lv  s  7  tUbt’  that  t0  the  caufe  above 
owfn"  r’hby  t rIfaacrN™‘™’  *  in  a  great  meafure 
wh.  °  .fh  n.fe  of  fmoke  from  common  fire;  from 

broad’  ,fr“  ‘n  the  °Pen  3ir>  i[  wiJ!  curl  up  in 
broad  volumes,  fpreading  as  it  rifes  ;  but  if  confined 

expand  V,7’  *  havinS  but  one  »ay  to 

expand  itfelf,  viz.  through  the  funnel,  the  more  con- 
denfed  air  m  the  room  below  driving  it  upwards  to 

fftraTtWIthrhe  M°ke  engaged  Witl1  !t>  i£  abends  in 
a  ftrait  courfe,  with  a  greater  velocity,  and  apparently 

to  a  greater  height  than  when  unconfined.  PP 

of  ®e  afrrnr  nf0t  ^  ^  n°r  yet  the  PrinciPal  caufe 
tthe  afcent  of  vapors  m  general,  but  rather  an  acci- 

on  th!°ne’  i  inCreafeS  their  velocity  when  already 
their  af  Wmg'  °t>  realfy,  the  cmtfa  fine  qua  non  of 
of  the  f  rW  *  qUlefcent  atnrofphere,  is  the  difference 

thev  fi0Pt  *  STT  °f  th°fe  V3P°rS>  3nd  'he  air 
ney  float  in  • ;  the  former,  being  generally  livhtefi 

continue  riling  til!  they  arrive  at  lafregioVj  the  u- 

y?  P  e'e  m  wbldl  the  denfities  of  both  are  equal.,- 

remaTn  f,7  77  a"d  f°rrn  int0  clouds »  there  they 

pa”l  eltfh  f  V°r  a''e  duiVen  by  Winds  in  diredions 
”t0  th"  Purface  ot  'he  Earth,  until  fome  cafiial 

tfaihon  of  the  air,  the  meeting  of  contrary  winds 

5ZSS5*  "™"r  s**  “K™: 

„  “nde"re  llnf’y«ptlWr,  and  OH  in  de.s  of 
“  rainS’  or  t0  rtilh  more  violently  together,  and 

S;te,m  fT*  3CC0rding  t0  the  natore  oV  the 

f  by  winch  they  are  actuated.  The  fmoke  ol  a 
,v  ■  v,  chimney 

«•  *  w  I 
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chimney  .is  for  the 4110ft  part  lighter  than  the  circum¬ 
ambient  air  it  afeends  through,  otherwife  it  jou  a 
defeend  again  as  foon  as  it  could  difengage  itierr  irony 
that  column  of  air  which  carried  it  up  ;  in  confequence 
of  vyhich,  life  would  be  very  uncomfortable  m  large, 
populous  cities  j  for,  at  times,  the  air  with  us  is  io 
rarefied  that  the  fmoke  -does  in  faft  thus  defeend,  an 
hover  juft  above  the  furfage  of  the  Earth,  to  the  no 
fmall  annoyance  of  the  eyes  and  lungs  \>f  .thofe  w  10 
breathe  in  iuch  an  impure  medium.  Were  it  nece  ary, 

experiments  in  pneumaticks  might  be  recited,  w  ic 

prove  that  air,  near  the  furface  of  the  Earth,  is  in  ge¬ 
neral  denfer  or  heavier  than  the  fmoke  and  other  vapors 
which  float  therein  •,  which  are  here  omitted,  as  it  is 
prefumed  the  fa&  will  not  be  difputed. 

Now,  if  the  tail  of  a  Comet  rif?s  from  its  head,  or 
rather  from  the  Sun,  in  the  fame  manner  as  fmoke 
does  from  fire  with  us,  and  from  a  fimilar  caufe,  the 
ethereal  medium,  thro’  which  it  afeends,  muft  be  nearly 
of  the  fame  denfity  with  the  vapors  of  the  tail  ;  othet- 
wife  the  latter  could  not  float  in,  nor  get  fo  entangled 
with  it  as  to  be  carried  up  thereby  through  diftant  re¬ 
gions  of  the  Heavens  •,  but  that  the  tails  may  afeend 
to  fuch  amazing  heights,  as  fome  of 'them  do,  we  mu 
necefiarily  fuppofe  their  fpecific  gravities  much  leis  than 

that  of  the  aether  itfelf. 

What  then  becomes  of  the  free  celehial  fpaces  ? 

in  which  Sir  Jfaac  fays,— “  not  only  th tfiiii  bodies  of 

“  the  Planets  and  Comets,  but  alfo  the  extremely  rare  va- 

.1  pan  of  Comets  tails,  maintain  their  rapid  motions  with 

treat  freedom - without  reflpnee."  (Ibid.)  Soon 

*  J  after 


i 
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?Z  h'  adds’,  “~the  tads  retaining  their  own  pro- 

wifh  rh10'r^  s'  e'the.mo[ion  had  in  common 
C'r  ^ads)  “  and  m  the  "lean  time  gravitating 
t<  “  ardSth"  fun’  muft  be  evolved  in  ellipfes  round 
„  e,Sun  ,lke  manner  as  the  heads  are,  and  by  that 
motion  always  accompany  their  heads.”  Now  al- 

though  the  tether  may  be  fuppofed  fo  extremely  rare, 
as  that  the  fohd  globes  may  revolve  thro>  it  for  manv 
ages,  without  any  fenfible  impediment,  or,  as  Sr  Ifal 
ays,  above  ten  thoufand  years  yet,  as  the  tails 
mult,  upon  this  hypothefis,  be  nearly  of  the  fame  fpe- 

“  th|raran-HW  Z?er>  h°W  C3n  ^  “  mainta'" 

„  ,  aP!d  motions  through  it  without  refijlance  and 

“  heads”6 ^  bP/"es  tbe  Sun  together  with  their 

heads  ?  Chat  this  is  utterly  impofiible,  appears 

ironi  the  reafonmg  of  Sir  Ifaac  bimfelf,  throughout  the 

whole  of  his  VII  Seftion  Principle,  Book  //.ftimled 

Jm“m  ,ffiuids '  and  the  made  t, 

projected  Bodtet :  According  to  which  reafonmg  the 

projeatie  motions  of  thefe  vapors  would  be  very  foon 

deltroyed,  and  the  Comet  in  its  regrefs  from  the  Sun 

would  neceflanly  leave  them  behind  as  they  rofe  from 

the  head,  m  confequence  of  the  refiftance  of  this  tethe- 

came  nT  = }  he[ef°rC’  whenever  the  Comet  be- 
me  vifible,  after  the  perihelion,  it  would  have  a  tail 

as  before,  but  reverfed,  appearing,  like  a  lucid  beam 
to  ftream  away  from  the  head  towards  the  Sun,  till  it’ 
were  confounded  with  the  twilight.  But  this  is  con¬ 
trary  to  all  obfervations ;  for  the  projeftion  of  a  Com¬ 
et  s  tail,  after  its  perihelion  as  well  as  before,  is  both 
really  and  apparently/™  the  Sun,  excepting  a  fmail 
deviation  towards  the  parts  from  whence  the  Comet 
a  came  .  V  liich  deviation  is  by  no  means  owing 

to 
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to  the  refiftance  of  any  medium  it  pafies  through,  but 
is  perfectly  confident  with  its  feveral  parts  retaining 
the  motion  they  had  in  common  wirh  their  head  when 
they  began  to  afcend,  and  “  revolving  freely  in  ellipfes 

«  round  the  Sun  together  with  their  head.’  h  or,  the 

remote  parts  of  the  tail  making  a-  larger  fweep  through 
the  Heavens  than  their  head,  while  the  latter  takes  a 
fhorter  turn  round  the  Sun  at  its  perihelion,  mud  ne- 
cedarily  be  longer  in  delcribing  the  fame  angular  mo¬ 
tions  round  the  Sun  than  the  globe  itfelf*,  confequently 
mud  be  deflected  from  the  direCt  oppofition  to  the 
Sun,  and  the  whole  tail  be  incurvated  towards  the  pe 
rihelion  pofition  lately  paded  •,  and  this  upon  the  fup- 
pofitionthat  both  head  and  tail  mo ve  freely  through  a 
perfect  vacuum,  This  incurvation  of  the  tail  leflensas 
the  Comet  recedes  from  the  Sun,  till  at  length  it  i£- 
covers  its  oppofition  as  at  fird.  Now,  as  thefe  phe¬ 
nomena  agree  perfectly  with  the  motion  of  a  Comet  s 
tail  through  fpaces  void  of  refiftance ,  they  are  utterly  in- 
conddent  with  the  fuppodtion  of  its  moving  through 
a  medium  of  equal  or  greater  dendty  than  itfelf,  or  in 
any  other  reffting  medium  whatever  ;  for  according,  to 
this  celebrated  author  (Princip.  Se£t.  VII.  Book  II. 
Prop.  XXXVIII.  Cor.  4.)  if  the  head  or  folid  globe 
of  the  Comet  moved  in  a  fluid  of  the  fame  dendty 
with  itfelf,  it  would  lofe  half  its  motion  before  it  could 
deferibe  the  length  of  two  of  its  diameters,  confe¬ 
quently  it  would  foon  lofe  the  whole,  i.  he  vapors 
of  the  tail  rifing  (upon  his  hypothefis)  in  a  medium  ot 
nearly  the  fame  dendty  with  themfelves,  would  in  like 
manner,  from  the  refiftance  of  that  medium,  lofe  all 
the  projectile  motion  they  derived  from  the  head,  full 
as  foon  as  the  head  would  lofe  its  own  motion  in  the 
former  cafe.  Sir 


( / 


% 


™8^^S^/aidVIISa9!0B 

"  iJSfcW  ,.o- 

rrf ri,y  ^ *«  ** 

*/  *  Cornel  tail  revolve  f"  ?■*  mre’^s 

the  Sun „  mufi  be  perfe  't  varT‘ ^ ’**  **** r"°,i 

«reMam ,  j/zxizr  :v:  ?i  ,he 

tJiemfdves  in  no  wife  inW-  £•  f  ?'  rays  °f  ,!Sht 

^  Wh«  -  ^bo^7CheS^m°- 

fufe  P?' 

therein  contained  ;  upon  the  fir  1“  proPofit,0fis 
deficiency  of  tvhich.they  mull  ^  "lc 
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S  S  A  Y 


O  N 

*  ,  ' 

COMETS. 


part  i. 


AC  O  M  E  T  conflfts  of  two  parts  which 
fall  under  our  obiervation,  viz.  a  fohd, 
fpherical,  opaque  body,  which,  like  the 
planets,  (Vines  by  reflecting  the  light  ot 
the  Sun,  and  no  way  differs  in  appearance  from  a 
planetary  globe  ;  this  is  by  aflronomers  called  the 
nucleus •:  Alfo  a  very  extenflve  atmofphere  *,  which, 
from  the  form  it  ufually  exhibits  to  us,  is  called  the 
tail,  and  commonly  exhibits  a  faint  beam  of  light,  w  >ic  1 
diverges  as  it  recedes  from  the  head,  and  olten  appa¬ 
rently  extends  thro’  diftant  conftellations.when  it  nearly 
refembles  thofe  momentary  corrufcations  which  (hoot 
upwardsfrom  thehorizon  towards  thezenith,dunngthe 
appearance  of  an  aurora  borealis,ov  northern  light.  This 

tail  increafes  in  length  as  the  Comet  approaches  the 

C  Sun, 
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>un,  «  w  vtr/a  ;  and  its  direftion  is  always  nearly 

°PPofition  “>  ">e  Sun.  Sometimes  indeed  the 
comet, c  atmofphere  affumes  a  different  form,  fur- 
rounung  the  nucleus  equally  on  every  fide  like  a 

bufh  nfh  °r  m'f’  °r’  3S  1-01112  have  fancied,  like  a 
•  ufi)  of  ha,r  ;  whence  the  Comet  has  been  denomi- 

"ated  hairy.  The  latter  is  the  ufual  appear¬ 

ance  of  a  Comet  when  firft  difcovered  in  its  defcent 

o  'ZiT  r’,  provided  the  Sun  and Comet be in 
odter  r,  ‘le nl lfPlleres  i  a"d  may  take  place  in  feme 
,  fttuations,  agreeable  to  the  rules  of  optics,  even 

When  to  Ipcflators  in  other  parts  of  our  Syftem,  the 
Comet  may  exhibit  a  tail  of  an  enormous  length 


I T  has  been  Efficiently  demonftrated  by  Sir TfaacNew- 
ton.  Dr., Halley,, and  others,  that  thefe  bodies  are,  in  com¬ 
mon  w.th  the  other  globes  of  the  folar  fyftem,  fubieft 
0 1  te  law  of  mutual  gravitation,  and  that  they  regard 

ftauenrl  “  '  COmmon  <*  gwity,  »nd  con- 

quemiy  move  round  him  in  cmk-feSims,  carrying 

*  ,  .r  atT,phfres  or  'aik  along  with  them.  Their 

or  sits -differ  widely  from  circles  on  the  one  hand  ;  on 
he  other,  fince  the  difeovery  of  the  Newtonian  method 
r  computing  their  trajedlories  from  obfervations,  they 
ave  never  been  found  to  deviate  into  hyperbolas-,  and 
though  their  obferved  places,  in  the  fmall  parts  oftheir 
orb.ts  in  which  they  are  vifible  to  us,  agree  with  their 
computed  places,  upon  the  fuppofition  that  they  move 
•  n  parabolas  ;  yet,  as  the  periodica!  revolutions  of  fome 
Of  them  have  been  afeertained  by  their  regular  returns 
a. ter  certain  intervals,  it  is  agreed  by  afironomers,  that 
tneir  paths  are  truly  elliptical,  though  very  excentric  ; 

fuch 


\ 
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fuch  ellipfes ,  near  the  extremities  of  their  tranfverfe 
axes,  differing  but  infenfibly  from  parabolas.  All  that 
is  attempted  in  this  Effay,  is, 

1.  To  account  for  the  phenomena  of  the  tails  of 
Comets,  upon  philofophical  principles  :  And  then, 

2.  To  point  out  fome  ends  to  which  they  feem 
adapted,  and  for  which  they  are  probably  defigned. 

Sir  Jfaac  Newton  has  Sufficiently  proved  that  thete 
tails  confift  of  a  fluid  matter,  extremely  rare,  emitted 
from  their  heads  upon  their  approach  to  the  Sun, 
which  is  rendered  vifible  by  refleding  his  rays  *  :  But 
what  caufe  there  may  be  exifting  in  nature,  capable  of 
projecting  the  cometic  atmofpheres  through  luch  im* 
menfe  Spaces,  is  a  queftion  which  ftill  remains  to  be 
Solved,  no  Satisfactory  account  having  hitherto  been 
offered  to  the  publick.  In  order  therefore,  to  a  ra¬ 
tional  Solution  of  this  curious  phenomenon,  the  tail  of 
a  Comet ,  the  following  propositions,  observations,  &c. 
are  Submitted  to  the  candid  perulal  of  the  reader  : 
Firft  premifing,  that  when  a  SubjeCt,  under  consider¬ 
ation,  is  in  its  nature  purely  phyflcal,  it  is  to  be  pre¬ 
fumed  that  ftria,  mathematical  demonftrauon  will  not 

be  expeCted. 

We  dial!  now  endeavour  to  prove  the  following 


propofltions. 

First,  That 
and  the  Sun,  are 


the  primary  Planets,  the  Comets, 
all  Surrounded  with  atmofpheres. 


Secondly, 


*  prii  tip.  Book, III.  under  Prop.JXLI. 


c 
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Secondly,  That  thefe  atmofpheres  confift  nf  rh 
famC  flu'd  With  *«*  stmolphere 

each  others  The gl^iT  ™tU%  rePel,ent  to 
of  mutual 

of  *•  «- 

s;^tyofaf“-^:S2 

-  t0  be  particuiar  as  to  each  of  them. 

Planetvaftl'y  *  8 

feme  others)  has  one,  we have  thetfl"  'T"0"' 
b,e>  viz.  the  tertimony  of  our  fenfes  hH*  P°ffi’ 
know,  that  the  air,  which  r  dCS’  We  aU 

Earth,  is  efientiai  to  the  breath  tf  fifT  °UndS  ** 

2-  That  Mzn  has  an  etmofnh^o  ,  , 
extenfive,  has  been  demonftrated from  th  T 
of  a  fixed  Star  by  that  Planet*  alTsr'  T“ 
at  a  distance  from  or  without-  ’  h  S  Vani(he ^ 
contact  with  his  imb  ?™v,nS  at  a  *GWe 

October  lft  Z  Th  7“  °bferVed  ^4 

not  being  vifibie  after  the  f  T Rome’  the  Star 
his  limb.  the  tran,lt  t,l!  at  a  diftance  from 


3r 


~  yUPWER'sbchsarrin.a  n.  • 

'hey  frequently  vary  their  form  r  f"8  ftate’3s 

sir  r>  . 


*  See  Smith's  Opticks  yni  tj-  D 

,P's'43a 


(  >3  ) 

to  be  clouds  and  exhalations,  Boating  in  an  atmofphcre 
which  furrounds  his  globe.  + 

„d  „  M. .rmi  £»*  s 

thofe  of  Jupiter ,  and  anfe  from  fimilar  cau  ts. 

That  Venus  has  an  atmofphere  may  alfo  be 

S  T  (”m,  kind  M  *  M» 

“tad,  .link  «.«  in  ~  """  “""[K  t; 

that  in  different  fituations,  to  o  er 
parts.  * 

r  ME  RCUR  T  is  too  near  the  Sun  to  favour  Uj 

6.  ML  KL.uk. i  ^  his  glQbe 

Chafed  °he  doubtleis  (lands  as  much  in  need  of  an 
purpofes  to  be  ferved  thereby.  ^  That 

.  c  \  ;n  tV^e  clouds  of  thftt  Pl?uct» 

t  Si.  16..  N.wtoa  ft,,  .kef.  Wu  “•**»>•*  “ 
princip.  Book  III.  Lemma  Prop.  XXXIX. 

t  s.  Opt.  Page  441-  11  ldern’  **“*  t0  and  parts  of  their  refpeOSve 

1  Were  thefe  belts,  fpots,  &c.  rea  y  ’  f  jn  th*  fame  fituations, 

'  globes,  they  would  always  appear  .nvarub.y been  dlfcovered. 

as  thofe  of  the  Moon  do  ;  in  w  ic  no ^  P  0f  Philadelphia,  Pag' 

*  See  Tranfaaions  of  the  N.  E.  Page  I*. 

43.  Alfo  Obfervations  by  Mr.  Benjamin  w 


7-  That  the  Comets  are 
molpheres  ts  already  taken  for 
ev-dent.  Sir  L  N  *°r 

lei" 'deVhattheird^etersTr 

globes  f  W  ^  d,ameters  of 


Surrounded  with  at- 
granted,  becaufe  feif* 
various  obfervadons, 
e’  0ne  with  another,  at 
the,r  nuclei  or  foiid 


proportioned  tfhj/™  atmofPhere>  a"d  that 
highly  probable  by  the  macuIaT8'1"1'^’  is  rende«d 
frequently  difcovered  upon  h*  apSearances>  °r  Spots 
often  Suddenly  break  oT  ?  ^  Which>  as 
and  Sometimes  vary  their  fh  ^  UddenJ^  dl’Sappear, 
the  eye  0f  the  oblen^er^^can1^ eS}  ^  *he"  «nder 
rlouds  of  fmoke,  or  other  6  00  °tJler  than  huge 
«mofphere  ,  huge  ,ndeed  ,  J>“rs  floating  i„  fuch 

“d  the  whole  luperficies  of  the  Earth  ‘I?1'™  y  ex* 
who  was  peculiarly  affidno,,  ■’ 1  Mr-  Berhanu 

affigned  a  caufe,  £  <2^°  ^  tha”>  »■« 

af5e-  He  fuppofes  them  to  hf1 “mCna  7 

ot  fmoak,  belched  forth  bv  vol  ifr!menfe  volumes 
Hons,  which  are  frequently  h  °f  fiery  eruP* 

Surface  J.  Thefe  fpotl,  when  l  °Ut  USon  to 

Unue  durins  3  Whole  revolution  offh  f°metlmes  «*- 
Xls’  °r  about  twenty-five  days  ■  !  d  Stm  r°Und  his 
*  egular  returns  of  fuch  r  ’  nd  1C  1S  Srom  the 

£'S  d'fc  aSa,n  that  this  revolution  hi  ^  part  of 
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over,  as  we  fee  vapors  emitted  in  an  exhaufted  receiver, 
for  want  of  air  to  fuftain  them,  fink  down  to  the  bot¬ 
tom  of  the  receiver. 


II.  We  fhall  now  endeavour  to  prove  that  the 
planetary,  cometary,  and  folar  atmolpheres,  confift  of 
the  fame  elementary  fluid  with  the  atmofphere  of  the 
Earth,  viz.  AIR . 


Air  is  a  fluid,  which  when  pure  is  tranfparent,  and 
in  the  higheft  degree  elaftic,  being  indefinitely  com- 
preflible  and  dilatable  ;  which  qualities  are  truly  cha- 
rafteriftic  of  it,  as  we  know  of  no  other  fluid  to  which 

they  belong. 

It  may  be  necefTary  to  obierve  here,  that  upon  our 
globe,  which  (as  already  obferved)  is  itfelf  a  Planet,  the 
prefence  of  air  is  necefiary,  both  to  the  prefervationof 
animal  life,  and  to  the  exiftance  of  flame  :  For  in  a 
glafs  receiver,  fmall  animals  die,  and  candles  go  out, 
immediately  upon  the  air  being  exhaufted;  upon  air 
alfo  feems  to  depend  the  explofive  power  of  enkindled 
vapors  •,  for  gun-powder  itfelf, one  of  the  moft  powerful 
ao-ents  hitherto  invented  by  the  art  of  man,  if  fired  by 
an  hot  Iron  in  vacuo,will  confume  away, but  never  flafh, 
nor  explode  •,  and  it  is  generally  agreed  by  thofe  who  are 
acquainted  with  experimental  philofophy,  that  this  vi¬ 
vifying,  inflammating  quality  of  air,  depends  upon  its 
elafticity,  or  the  atftive,  contrifugal  power  of  its  par¬ 
ticles,  to  be  confidered  under  the  next  general  head. 
This  being  premifed,  we  proceed  to  prove, 


Firft ,  That  the  atmofpheres  of  the  feveral  globes 

of 
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of  the  Syftetn  confift  of  tranfparent  fluids :  The  truth 
of  wh.eh will  be  fufficiently  evident,  if  we  conflder  the 
evera!  phenomena  by  which  they  were  difcovered. 

It  has  already  been  fhewn  that  Mars  is  furrounded 
rh  a  very  extenfive  atmofphere  ;  which,  had  it  not 
been  tranfparent,  muff  have  efcaped  the  notice  of  af- 
~ers  during  the  time  of  the  occu,tat|on  of 

by  refl  a^'ITl  S  f°r  WWe  «  would, 

)  ™sting  the  Sun  s  rays,  as  well  as  by  its  want  of 

fervetahn°yh  ”  theFhn«'^  and  bytheob- 
r  h3Ve  bee"  unfounded  with  it  f .  in  which  cafe 
be  moments  of  the  occultation  of  the  ftar,  and  of  its 
ifible  contaft  with  the  Iimbof  the  Planet,  would  have 
been  the  fame  ;  whereas  the  difappearance  of  the  flat 

5Sn2onf  rh’Ch  7T  C°U,d  a  Vernon, 

itration  of  the  refratfbon  of  its  ravs  in  o  ^  r 

medium,  with  which  the  Planet  is  furrounded"  Parent 

ThE  changes  which  are  obfervable  in  thofe  fluk¬ 
ing  coHeSions  of  heterogeneous  matter,  of  which 

confift  foTd  T  !n  tH?  °ther  P,aneM>  a"d  the  Su" 

confift,  for  the  fame  reafon,  could  never  have  been 
difcovered  were  theynotfuftained  in  tranfparent  fluids 
above  the  furfaces  of  their  relpeftive  globes. 

Th  e  tranfparency  of  the  cometic  atmofpheres  Is  un¬ 
deniable,  as  their  nuclei  are  frequently  feen  thro’  tl™ 
a  though  they  occupy  fpaces  eq'ual  Jmanv  JiameS 
the  Earth  ;  and  the  fmalleft  ftars  are  vifible  through’ 

O 

the 

f  In  like  manner,  a  Sir  if.  Newton  concludes  ft  ttt  » 

“  the  Earth,  if  it  was  viewed  from  thP  Pi  ’  ?  B‘  IU'  Le!nrt,a  IV-)  “  that 
“  by  the  light  of  its  Clouds.”  -anets,  would  without  all  doubt  ftinc 
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the  tails  which  proceed  from,  and  are  only  expanlions 
of  them  ;  in  which  tails  we  have  ocular  demonlira  non 
of  a  mod  furprizing  dilatability  from  whence  them 
recompreffibility  and  elafticity  may  bejufdy  mfened. 

Secondly,  Although  there  are  no  obfervations  m 
the  records  of  aftronomy  which  prove  this  tlaftictty  r 
the  planetary  atmofpheres;  yet,  as  the  Planets  are  wn 
the  highetl  reafon  fuppofed  to  be  mhab.tec 1  Worlds 
the  preemption  is  at  lead  very  Among,  if  Ihort  ot  a 
demonftration,  that  their  atmofpheres  are  defigned  to 
anfwer  purpofes  every  way  fimilar  to  thofe 'which ar e  c . 
feded  by  the  atmofphere  of  the  Earth,  and  that  they  ai  c 
endued  with  all  thofe  properties, which  are,  with  us,  ne- 
ceilary  to  theprefervation  of  animal  Life ;  conlequent  y 
that  they  are  elaftic,  as  well  as  tranfparent,  and  alt*- 
getherlike  our  air. 

The  atmofphere  of  the  Sun  is, by  his  excelTive  lull  re, 
hid  from  our  view  ;  but  if  we  confider  him  as  an  im- 

menfe  flaming  globe,  kindled  up  to  warm  and  en- 

liwhten  the  whole  fyftem,  we  may  well  luppofe  that  he 
Jus  a  large  (hare  of  that  fluid,  without  which  (as  before 
obferved)  fcarcely  any  flame  can  fubfift  with  us 
for  a  moment.  Some  Authors  indeed  are  ot 
opinion,  and  not  without  reafon  that  the  Sun  is 
not  a  body  ot  fire,  as  commonly  fuppofed  ;  Doctor 
Knight  in  particular,  in  his  curious  treatile  of  at¬ 
traction  and  repulfion,  as  two  umverfal  principles,  by 
which  he  endeavours  to  folve  all  the  phenomena  in 
nature,  Teems  to  be  of  opinion,  that  the  inhabitants 

of  the  Sun  (if  inhabited)  are  in  as  much  danger  o. 

j)  {uifering 


fuftering  from  cold,  as  from  exceffive  heat  *.  But  of 
whatever  fubftance  the  body  of  the  Sun  may  confift, 
Mr.  Derham  has,  by  his  obfervations,  put  it  beyond 
a  1  reafonable  doubt,  that  the  rncuU  and  facuU,  or 
r,  ^ark,er  and  brighter  fpotsobfervable  attimes  upon 
e  Sun  s  difc,  are  really  owing  to  the  bur  (liner  of  vol¬ 
canoes  t  “  the  facuU  being  only  the  appearance  of 
■t  ' 1e  flames,  after  the  denfe  fmoke  attending  the  ex- 
„  °ri0"S„1S  dlffipated,0r  removed  to  a  dilbnce  from 

hem  f.  Now  there  is  no  reafon  to  doubt  but 
ha^upon  our  globe,  air  is  as  neceffary  to  the  flames 
f^tnaand  the  eruptions  of  Vefuvius,  as  to  the 
mailer  blaze  of  a  candle,  or  to  the  explofion  of  oUn. 

maV WC  n0t  then  "*»«%  conclude,  thht  it 
s  equally  neceffary  to  thofe  aftoniflaing  volcanoes  in 


nature  r  f  t  m  J’  f  far  as  the  ProP°fldon  is  in  the 
ature  of  it  capable  of  proof,  that  the  celeftial  bodies 

are  furrounded  with  atmofpheres,  and  that  thefe  at- 

mofpheres  confift  of  tranfparent  elaftic  fluids,  like  the 

air  furrounding  this  Earth.  It  remains  that  we  prove, 

Itc  rfVhTs^'  *  “  ”'hlch  ""  l!lcf=  remarkable  War*  •  Spe.lt 

ft t:,  ci;:  f  ?  sr- he%!’  «•<*-  - .. .«  ;t 

“  thofe  fublimer  Genii  who  th  j.  Habltatlon  of  Salamanders,  and 

«Jr.p,  be  in  pi  ,  lhVh”e  ,bem  “  b'  *!»»•*  per- 

However  DnAo  v’ ‘  u  habitants  fhould  freeze  with  Cold” . 

an  immenfe  aerial  °,20'{  “ncl”Je!  fr°m  h“  ““n  prineipto,  that  the  Sun  has 
f.s«  j  'tZ  .. Thf' '”“"d  him  i  for  in  the  preceSing 
“  the  Denfity  of  the  Air  (oe  ^  C  0t,  the  Sun  s  Atmofphere  muft  make 

“  create  a  ZT^fcl  JlT  ^  ^  ^ 

“  Noife.”  ^  US’  WOuId  ther=  ptodoce  a  very  lot!d 

t  See  Jones’s  Abridgment-of  Phil.  Tranf.  before-cited. 


III.  That 
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III.  That  the  atmofpheres  of  the  Sun,  Planets, 
,and  Comets  are  mutually  repellent  to  each  other  ;  as 
the  folk!  globes  they  furround  are  in  a  date  ot  mutual 
attraction  or  gravitation. 

It  muft  here  be  obferved  •,  that  in  reafoning 
upon  gravitation,  the  great  Author  of  the  prefent  phi- 
lofophical  fyftem  of  the  Heavens  argues  downward 
from  the  greater  to  the  leffer,  from  Worlds  to  Atoms  \ 
thus,  finding  by  mathematical  deductions,  compared 
with  aftronomical  obfervations,  that  all  the  globes  ot 
the  folar  Syftem,  Sun,  Planets  and  Comets  gravitate, 
or  have  a  mutual  tendency  towards  each  other,  and 
that  this  reciprocal  attraction  is  proportional  to  the 
quantities  of  folid  matter  they  refpeCtively  contain  ; 
he  very  juftly  concludes,  that  every  Tingle  particle  in 
any  one  of  their  folid  maffes  both  attracts,  and  is 
attracted  by,  every  other  particle  ot  matter,  contained 
in  every  globe  throughout  the  folar  SyltemA 

But  as  the  Heavens  exhibit  no  phenomena  from 
which  we  can,  direCtly  and  with  equal  certainty,  infer 
the  exiftance  and  univerfal  extent  ot  the  contrary 
principle  of  repulfion,  as  fubfifting  between  the  at¬ 
mofpheres  of  the  heavenly  bodies  ;  we  are  here 
obliged  to  ufe  a  contrary  method,  and  to  reafon  up¬ 
ward  from  the  powers  and  properties  which,  by  their 
effeCts,  we  difcover  to  belong  to  thofe  parcels  of  air 
upon  which  we  can  make  experiments •,  to  the  effeCts, 
which  the  fame  powers  and  properties  would  naturally 
produce,  in  thofe  vaft  collections  of  air,  which  con- 

*  Principle  Sbarfim. 

fticute 
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flitute  the  atmofpheres  of  the  feveral  globes  ;  and  if 
by  tracing  the  neceffary  operations  of  thefe  powers, 
nep  by  flep,  we  can  at  length  arrive  at  any  of  the 
giand  phenomena  of  nature,  we  may  with  the  higheft 
reafon  conclude,  that  thefe  phenomena  are  the  effedts 
of  thole  powers. 

We  fhall  therefore  endeavour  to  prove  from  authors 
of  the  bed  credit,  or  from  experiments  which  any  one 
may  try  at  his  leifure, 

t.  That  there  is  a  mutual  repellency  fubfifling 
etw^en  the  particies  of  air,  whereby  they  continually 
endeavour,  to  recede  from  each  other  ;  in  conlequence 
of  which,  that  fluid  is  indefinitely  dilatable  from  the 
centrifugal  a&ivityofits  particles,  as  well  as  com  - 
prefiible  by  any  foreign  power. 

.  The  honourable  Robert  Boyle ,  Efq-  found  by  expe- 
liments,  that  air  might  be  fo  rarefied  as  to  occupy 

*3?69  the  fpace  it  fills  when  in  its  natural 

Ifate  near  the  furface  of  the  Earth  J  other  experi¬ 
ments  prove,  that  it  may  be  fo  condenfed,  as  to  be 
contained  in  Tr  part  of  the  fame  fpa.ee %  therefore 
multiplying  13769  by  60,  it  appears,  that  the  cubic 
jpace  it  is  capable  of  filling,  under  different  circum- 
. -.antres,  may  be  as  826140  to  1.  But  the  cube  root 
of  826x40  is  04  nearly  ;  therefore  the  central  difiances 
of  tne  particles  from  each  other,  as  discoverable  by 
affual  experiment,  may  be  as  one  to  ninety-four,  and 
that  from  their  centrifugal  activity. 

}  See  Shaw’s  Abridgment  nf  Boyle,  Vo!.  I.  P.iee  <;i. 

*  ^  Marini's  Philolopbical  Grammar,  Page  jyS. 

Moreover 
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Moreover,  Sir  l  Newton  from  experiments  con¬ 
cludes  this  repulfive  power  to  be  fo  great,  as  ta 
cubic  inch  of  air,  condenfed  as  it  is  with  us, if  remover 
one  femidiameter  of  the  Earth  above  its  furface.where 
it  would  be  free  from  the  preffure  of  an  incumbent  at, 
Sphere,  would  fo  expand  itfelf  by  virtue  of  this 
power,  as  to  fill  the  whole  fphere  of  Saturn  s  orbtt  , 
nay  he  adds,  «  and  fat  beyond  it”  +. 

2  This  mutual  repellency  of  the  particles  of  aii 
is  greatly  increafed  by  heat.  For  if  a  bladder  not  more 
than  half  filled  with  air, be  tied  up  tight, and  laid  before 
the  fire,  the  additional  expanfive  power,  which  the 
contained  therein  acquires  from  the  heat  will dwell  the 
bladder  to  its  utmoft  extent,  and  will  at  length  buril 
with  an  explofion. 

,  The  particles  of  air,  although  mutually  repel¬ 
lent"  amongjft  themfelves,  are  with  regard  to  other  mat¬ 
ter  in  the  common  ftate  of  gravitation  or  attraftion. 
This 'is  evident  from  their  being  condenfed  in  the  form 
of  atmofpheres  round  the  folid  globes  of  the  Syflu  , 
and  attending  them  through  all  their  revolutions. 

,  The  mutual  repellency  of  the  particles  of  air 
is  indefinitely  greater,  in  proportion  to  the  quantities 
Of  repeliino  matter,  than  the  mutual  attraaion, fubf.lt- 
ing  betwixt  the  folid  particles  of  abrading  matter. 

The  truth  of  this  propofition  will  appear,  at  leaft 
highly  probable,  if  we  conf.der  that  the  quantity  of 

f  Princip.  Rook  III.  uptUr  Prop.  XM. 
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Earth"  !n  °“r  air  near  the  fur^ce  of  the 

matter  ’  §ravitates  m  common  with  other 

by  he  rt ,tS  CenT  "  f0  fmaI1’  tho’  condenfed 
that  one  We'ght  °f  the  whok  atmofphere, 

C  quait  of  It  weighs  no  more  than  eiaht  Jrains 

r  «  yet  fo  great  is  fhe  re- 

P  ive  power  of  its  particles  thar  a  frmH 

;•  ”"tr,d  •” •'» Z':, 

and  bore  of  a  eommon  fowling-piece, is  (ufficient 

MbTTTr  h'ed  ruddenlyt0  cxPand  itfelf  through  the 
as  fi rr>A  uike.  oait,  in  the  fame  manner 

likeSrr  ’the  nbift^ed,  and  with  the 

poTo**"  n,°W  Pr°Ceed  t0  Prove  'he  following  pro- 

— Cir corpu,c,es  f‘ bc  ina  of 

where  ' *  F®'- 

__  ,  p  each  otflef  with  a  given  force  f9V 

a*,  'm,  J  "SJ&cV ™  dec,;cafcs’either  as tho diftancel 

higher  p  trf±C;f°r^the  Cl'bes-  °'a"* 

ofthat^pui^SSr’  InCreafe>!he 

f°"  '  -!PPJfe  -o'  and  5  to  be  two  luch  particles  re 
I6'  "g  ,  '**  0tber  ^  the  diftance  A  B  with  a  for« 

oqoidiftant  points  ,  d  .  I  i  f7  thr°U8h  the 
fixed,  B  moL,' .  1  ’  *’  &rc’  !et  the  Particle  A  be 

creafe  It  r  •  '  "  US  ,uPP°fe  this  power  to  de- 

otoa.e,  ,  ft,  firnply,  as  the  diftances  increafe  •  then  f 

Z*T  f  f  *-*» » »»-  ZJ 

’  ’ ’  ■  revcruldidanees,  -  :;b 

as 
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as  follows,  viz.  at  c  =  i,at  J-  i,&c.in  infinit. 

2.  If  it  dccreafe")  .  .  . 

as  thefquares  r  =  '-,at  d  —  3, at  ?=tt>  &c.  in  in  . 

increafe,itisat  J 

3 .1  fas  the  cubes,?  ^  i.,at  J  ^at  e =<rV>  &c.  in  inf. 
it  is  at  -  -  3 

4.Ifasthebiqua-?  f „TL.>at  J  =T'T,at  «  in  inf. 

drates,  it  is  at  3 

&c.  onwards  indefinitely. 

Now  whatever  the  diftance  affigned  between  the 
two  particles  may  be,  and  whatever  may  be  the  index 
of  the  power  which  expreffes  the  ratio  of  the  decrea'e 
of  their  repulfive  force,  this  force  will  in  every  cafe 
be  expreffible  by  a  fraftion  whofe  numerator  is  i, 
and  its  denominator  equal  to  the  given  diftance,  in¬ 
volved  according  to  the  index  of  the  given  power,  a* 
is  evident  from  infpeftion  of  the  foregoing  fraftions 
as  they  ftand.  It  can  never,  therefore,  become  equal 
to  nothing,  until  the  denominator  of  the  fraction  be¬ 
comes  infinite,  which  never  can  be  at  any  allignable- 
diftance,  however  great  •,  therefore,  the  extent  of  this 
mutual  repulfion  is  indefinite.  E.  D. 

Int  mathematical  reafoning,  the  froaileft  quantities 
are  not  to  be  difregarded,  unlefs  fuppofed  fmailer  than 
any  allignable,  as  in  fluxions,  &c.  ;  for,  as  all  the 
huge  mafies  of  the  folar  Syftem,are  compofed  of  par¬ 
ticles  of  matter  inconceivably  fmall,  fo  their  me¬ 
chanical  effefts  upon  each  other  are  proportional  to 
the  numbers  of  fuch  component  particles  they  re- 
fpe&ively  contain  ;  and  though  the  mutual  effects  of 

two 
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i\vo  fugle  particles,  at  any  given  dirtanci,  might  be 
^definitely  fimall,  yet  we  may  eafily  conceive  "  that 

Ite"  .‘ndefinite  numbers  of  «  particles  are  confoli- 
ta  ed  into  one  mafs,  and  exert  their  influence  from 
a  common  center,  that  that  influence  may  be  as  exren- 
five  as  the  folar  Syftem,  and  perhaps  as  the  material 

r*t, .  Th"‘ Su”'  t  •"»«!  Sm 

ofTh,  r  ‘  f'*1”'  «s»l>ra  fc  moiions 

of  the  Comets,  even  at  their  aphelia,  where  their 

nmoauntWrCm  r  C0'f“"d  thehu™"  imagination  , 

millions  mV"-  0™  °f  them  n’any  thoufands  of 
millions  of  miles ,  yet,  at  thofe  amazing  dilWes 

from  the  Sun,  they  are  by  his  influence  retained  in 

en  proper  orbits,  without  any  deviation,  till  at  length 

they  are  brought  back  to  him  again,  many  of  them 

after  excutfions  of  feme  hundreds,  and  poffibly  fo™ 

of  them  after  thoufands  of  years  ,  in  effefling  „hich 

every  particle  of  matter  in  the  Sun,  however  final! 
bears  a  part.  * 

On  the  other  hand,  the  atmofpheres  Of  the  heavenly 

bodies  confifl:  of  particles  mutually  repellent  ■  not 
consolidated  indeed,  as  that  would  be  incompatible 
with  the  nature  of  the  fluid  compofed  of  them,  but 
each,  in  confluence  of  the  mutual  attradfion  between 
its  conftituent  particles  and  the  globe  it  furrour.ds. 
condenfed  into  a  fluid  mafs. 

In  this  cafe  allb,  though  the  mutual  repellency  be 
tween  two  (ingle  particles  might  at  a  given  diflance 
be  indefinitely  final  I,  yet  the  influence  of  two  furl, 
mafles  upon  each  other,  when  thus  condenfed,  may 

be 
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as  extenfive  as  in  the  former  cafe  of  attraction. 
The  united  repulftve  force  of  the  particles  in  eac. , 
would  in  like  manner  exert  itfelf  as  from  them  com- 

mon  center. 

Let  us,  for  illuftration  of  the  fubjeS,  fuppofe  this 

J1Cn  ,  r  r  T^rtirlps  A  and  B  removed 
other  words,  fuppofe  the  particle  ,  than 

one  hundred  millions  of  times  further  afun  \ 

reorefented  in  the  figure,  the  repulfive  force  wou.a 
repreienicu  »  o  t  _ _ or  tQ  one  ten_ 

then  be  equal  to  To-oooooooooooo-oo^  _  fimole 

tboujand-mllm-millionth  part  of  what tt.s  atthe  P 

diftance  A  B  ;  which,  though  fmall  indeed,  is  yet 

-  ,  •  r  fhe  fame  diftance  remaining,  viz* 

fomething,  for  the  ^ 

^f  fu°ch  parfil  tf  equal  built  and 
condenfed  round  the  point  A  as  a  center, , 
repulfive  force  between  the  mafs  at  A  a  P 

B  would  be  equal  to  that  between  the  two  J  P 
tides  A  and  B,  at  the  diftance  A  B  ,  once  more 
fuppofe  the  fame  diftance,  viz.  .00000000  A  B  to 
remain,  and  the  particle  B  to  have  the  ame  numb 
Of  repellent  particles  condenled  round  t,  as  we  ha 
already  fuppofed,  to  be  condenfed  round  A  ,  the 
reDulfive  power  fubfifting  between  the  two  mafiis 
would  bt  ten  tboufands  of  millions  of  mdlrns  of  times 
greater  than  between  the  two  particles  A  and  B,  at  the 

diftance  A  B. 

We  have  teen  that  air  confifts  of  Par*ic^  ^  ™ 


t 
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pellency  by  any  experiments  we  can  make  ;  andiftc 

fron"  fo len7rS  Weadd  Sir  V“ac  Newt°n's  reafonfnc 
fiaitlT  0f,h,S?n>  we  "><*  conclude  them  inde- 
d  fP  ’  “I  that  their  repulfive  force 

the  c y  t0  fome  attain  ratio  o 

ZTortt  ’e'rd'rtanCes>  vi-  either  as  the  Affiances 
thereof  fibres,  cubes,  or  lome  other  powers 

to  LpT thf  n§reeab,e  t0  ^athemati“'  teafoning, 
flip  xv  o  c  1  nes’  t0> or  from  the  centers  of 

centers.  Fo K«J&?fthe  **“«*  °ftheir 
hvi  conlider  thefe  powers  as  reprefcnted 

byiines.or  rays.convergingfrom  every  point  of t  e  ”  fi 
ble  concave  of  the  Heavens  to  a  given  point  as  ' 

to  cafe  of  attraction,  and  divergfng  "ou  lTv  f  '  r  f 

f'f  T"°n '  “"ST-4KS 

lx,  of  fndi'i 

corpufcle,  whether  they  were  converrinf ’"h-’ P°"  fa,d 
would  he  in  that  ratio,  viz.  inverfely  1 1 he/ 
diftances  of  faid  co  pufcle  W  fnch  /?“T°fthe 
The  truth  of  this  afiertion  is  cap^f  the™ 

omitTed  matt!Cal(,dem°nftrati0n  ;  which  ™y  ^  here 
by  ottr’s"-  U  ""  already  rUffidentl^  demonftrated 

“  fromtheSun”r°fallyaS|,tI’e/?*^"  °f  the  d'ftances 

tions  of  th  "  [mm  WhCTCe  hededuces  ^  propor- 

of  thesX  ^  4nJ0)’ed  ^  thC  fCTeral  PJ“«‘ 

If 
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If  we  conceive  fuch  fuppofed  rays  to  move  with  a 
uniform  velocity,  and  to  be  attended  with  any  mo- 
mem  turn  whatever,  whereby,  when  converging,  they 
impel  the  corpufcle  to,  or  repel  it, when  diverging,  from 
faid  central  point  ;  as  the  whole  momentum  would 
be  proportional  to  the  number  of  the  intercepted  rays, 
the  tendency  of  the  corpufcle  to,  or  from  the  center, 
that  is,  its  attraction  or  repulfion  would  alfobe  in  the 
aforefaid  ratio.  That  the  attradion  of  gravitation ms 
regulated  by  this  law,  agronomical  obfervations  luffi- 


ciently  demonftrate. 


But  Sir  7  Newton  concludes  from  experiments, 
to  which  all  theoretic  opinions  mull  ever  give  way, 

■:  that  the  mutual  repellency  between  the  particles  ot  air 

i  is  reciprocally  as  their  diftances  only,  or  nearly  lo. 

If  this  be  the  cafe,  the  phyfical  effefts  of  two  par¬ 
ticles,  and  .confequently  of  two  fluid  mafies  compofcd 
j  of  fuch  particles,  upon  each  other,  muff  be  yet  va  y 
greater  than  if  it  were  reciprocally  as  the  Squares  ot 
the  diftances,  as  we  before  fuppofed,  as  will  evidently 
appear  upon  infpedion  of  the  following  fcheme  ;  m 
which  the  firjl  feries  reprefents  the  diftances,  l-ncrea  ing 
in  arithmetical  progreflion  •,  the  fecond,  the  repellent 
force,  decreafing  as  the  diftances  increafe  only  ;  the 
third ,  the  fame  force  confldered  as  decreafing  accord¬ 
ing  to  the  increafe  of  the  Squares  of  the  diftances  •, 

thus  :  A  B 

Diftances  —  —  O  — 1 — 2  ! 


Inverfe  ratio  of  dift.  0*5 
--ofthe  fquares  ofdift.  O  1  d 


*  Newt.  Princip.  Boole  11.  Trop.  XXIII. 


Here 


(  2§  ) 

Here  it  is  evident  that  at  the  diftance  g  A 5,  if 
the  repellency  decreafed  only  as  the  difiances  increafe, 
that  that  force  would  be  equal  to  \  ;  but  if  it  decreafed 
as  th z  fquares  of  the  diftances  increafe,  it  would  at  the 
fame  diftance  be  equal  only  to  JL  ;  at  the  diftance. 
5^5,  in  the  former  cafe,  it  would  be  i,  in  the  latter 
tt  >  if  at  the  diftance  8  AB,  in  the  former  it  would 
be  in  the  latter  -sV,  &c.  But  g  is  the  fquare-root 
of  9  or  j  of  j-  of  and  |  of  *V,  8zc. 

t ■ 

It  therefore  follows,  that  if  this  repellent  force 
does  actually  decreafe  limply  as  the  diftances  increafe, 
tne  quantity  of  it'  at  any  given  diftance  is  greater,  in 
the  diredt  ratio  of  that  diftance,  than  if  it  decreafed  in 
the  ratio  of  the  fquares  of  the  diftances  ;  confequentiy, 
the  lenfible  effedtsor  two  inch  fluid  mafles,  condenfed, 
as  we  have  already  fuppofed,  round  the  particles  A 
and  B ,  would  be  proportionably  more  extenfive. 

Now,  what  are  the  atmofpheres  of  the  Sun,  Planets 
and  Comets,  but  vaft  colledions  of  thefe  repellent 
particles  of  air,  condenfed  round  their  refpedtive 
globes,  by  the  mutual  gravitation  fubfifting  be¬ 
tween  them,  in  like  manner  as  we  have  already  fup¬ 
pofed  them  to  be  condenfed  round  the  corpufcles  A 
and  B  (Fig.  i.)  ?  But  if,  according  to  Sir  1.  Newton , 
io  fmall  a  quantity  as  a  cubic  inch  of  our  air,  if  left 
to  itfelf  at  the  height  only  of  one  femidiameter  of  the 
Earth,  might  exert  this  force,  fo  as  to  fill  the  whole 
fphere  of  Saturn’s  orbit;  itdemonftrably  follows, that 
the  atmofpheres  aforefaid, which  con  fid  of  huge  mafles 
of  the  fame  fluid,  may  extend  their  influences  as  far 

at 
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at  lead  ;  and  though  the  condenfation  of  each  round 
its  own  globe,  by  virtue  of  their  mutual  gravitation, 
would  preventthe  flattering  of  its  component  particles, 
and  confounding  itfelfwith  the  atmofphertsof  the 
neighbouring  Planets  (as  would  undoubtedly  loe 
cafe,  however  great  their  dittoes  might  be,  did 
cauli  of  that  condenfation  ceafe)  yet  it.  by  no  means 
impoffible,  nor  yet  improbable,  that  under  owe  cu 
enhances, thephyfical  effefts  of  two  luch  atmofpheres 
upon  each  other  may  become  very  apparent  .  Tc 
we  fuppofe  two  equal  Planets  with  then  atmofplaeres 
(as  /and  B  Fig.  «)  to  pafs  near  to  each  other to* 
atmofpheres  being  fluid,  and  that  in  the  highefl .  com 
ceivable  degree  of  fluidity,  would  give  way  to  the 
leaft  degree  of  external  force,  and  »  confequence  of 

their  mutual  repul  Son  would  recede  from  each  otht 

but  the  attradions  of  their  refpedive  globes  would 
prevent  their  leaving  them  wholly,  wm  -  eac 
fo  far  retire,  as  to  be  depreffed  in  the  parts  next  the 
other,  and  to  fwell  out  in  the  oppofite  parts,  chan  y 
their  fpherical  figures  to  two  oblong  ipaeroRls  as 
and  D( Fi- a.)  But  this  is  laid  upon  the  luppofmon 
that  both  The  globes  and  their  atmofpheres  are  equal, 
each  to  the  other  refpedively.  Whereas,  il  we  fup¬ 
pofe  the  body  A  to  be  an  immenfe  globe  hke  t  le  , 
having  an  atmofphere  propomonably 

.  The  four  ,~rr  n 

miles,  or  i- 137th  Part  0  i:j._  fDOts  u,-0n  hisdife.  See 

ihofe  hugeelood,  of  took.  »b,ch  apP'"““''  p  Jj  2  f  l«i  therefore  .ho 
pmtefTbr  IVinlbrcp's  Cogitata  de  Cornells,  rage  25.  1 

Mr.  Profeuor  p  *  ^  ^  haye  endeavoured  t0  prove  it  does, 

atmofphere  of  the  Sun  con  -  *  [q  Qur  own>  and>  like  them,  require 

and  the  folar  clouds  an  vJP°r*  r  equilibrio,  it  follows,  that  thedenfity 
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nowco„nfiteas'n  ? a'm°f  ^  °f^ 

tt  bSrro"n“ : SS«Sf?£i£ 

pecies,  with  an  atmofphere  of  ereat  pvt™*  ,  u 
compared  with  the  magnitude  of  the  glo  be ’  itfelf  ” 
and  if  we  fuppofe  alfo  the  vifible  effetfis  of  the  mutual 

Sun  s  atmofphere  would  not  be  fenfibly  diftiirbed 
by  that  of  the  Comet.  This  reafoning  mly  be  itf 
t;a  ed  by  confidering  thedfca,  of  theLtiry  pS 
t-ip  e  o  mutual  attraction  or  gravitation  fubfiftino- 
between  the  globes  themfelves,  which  effects  are  fufal 
i.fts,  both  of  mathematical  computation,  and  of  artro- 

perform  °tf  ferVat'°? :  For  ic  is  very  attain  that  Comets 
per.orm  their  revolutions  round  the  Sun,  in  conle 

quence  of  this  mutual  gravitation,  in  orbits  very  ex-' 
^entnc,  and  nearly  parabolical ;  whereas  it  is  pJoba- 
,  ’ that  ‘he  joint  efforts  of  all  the  Comets  which  ever 
appeared,  would  fcarcely  diflurb  therepofe  of  the  Sun 
■n  the  center  of  the  Syftem. 

A  Comet  in  its  defcent  through  the  planetary  orbs 
approaches  the  Sun  with  an  accelerating  velocity,  un 

I::  1  szszi*  rr  :■  *• htisht  °f  b"'  * * ♦  — 

til 
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til  it  arrives  at  its  perihelion  •,  entering  deeper  and 
deeper  within  the  fpheres,  both  of  the  repulfion  of  the 
Sun’s  atmofphere,  and  of  the  aftivity  of  his  rays  •,  in 
confequence  whereof  the  cometic  atmofphere  is  con¬ 
tinually  rarefying  during  this  defcent,  both  from 
the  expanfion  it  undergoes,  by  means  of  that  re¬ 
pulfion,  and  from  the  increafing  heat,  which  it  ac¬ 
quires,  as  it  approaches  the  Sun,  which  heat,  as 
already  obferved,  contributes  greatly  to  the  repellency 
of  the  particles  of  the  aerial  fluid.  By  the  con¬ 
currence  of  thefe  caufes,  if  admitted,  a  tail  muft  ne- 
ceflarily  be  formed,  the  length  of  which  would  depend, 
partly  upon  the  quantity  of  air  contained  in  the  cometic 
atmofphere,  and  partly  upon  its  proximity  to  that  of 
the  Sun,  and  confequently  would  increafe  until  the 
Comet  arrived  at  its  perihelion,  or  rather,  from  the 
continuance  of  the  caufes,  until  a  few  days  after,  which 
is  moft  agreeable  to  obfervation.  When  a  Comet  is 
at  this  dage  of  its  revolution,  if  it  pafs  near  the  Sun, 
the  tail  ufually  extends  from  its  head  through  vaft 
regions  of  fpace,  exhibiting  a  curious  fpedtacle  to 
didant  Worlds. 

If  a  cometic  atmofphere  confided  of  an  unelaftic  fluid, 
and  were  thus  repelled  by  the  atmofphere  of  the  Sun, 
it  would  put  on  the  form  of  a  very  oblong  fpheroid, 
both  ends  of  which  would  be  terminated  by  a  regular 
curvilinear  furface  as  at  A  and  a  (big-  3)  >  but  as 
an  elaftic  fluid,  whofe  condiment  particles  are,  amongli 
themfelves,  mutually  repellent,  as  foon  as  ever  the  at- 
traidion  of  the  nucleus,  which  before  cpndenfed  them 
fpherically  round  itfelf,  isdiminilhed  in  any  part  of  that 
atrnofphere,  by  this  oppofite  repulfion,  the  particles 
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in  ^<2/  part  become  more  and  more  at  liberty  to  exert 
their  own  inherent  repellency,  which  they  v/ouid  at 
length  do  quaquaverfum,  were  it  not  that  the  repellent 
power  of  the  Sun’s  whole  atmofphere,  fo  far  predomi¬ 
nates  over  their  own  mutual  repellency,  as  conftantly 
to  ke<?p  them  in  a  direftion  nearly  oppofite  to  the  Sun’s 
center  ;  but  as  this  is  not  fufficient  totally  to  prevent 
a  lateral  dilatation,  the  tail  grows  broader  and  broader, 
as  it  extends  from  the  nucleus,  while  the  longitudinal 
expanfion  is  rather  increafed  than  impeded  thereby, until' 
the  whole  train,  in  a  fair  view  of  it,  wears  nearly  the 
form  of  a  parabolic  curve  ;  the  feveral  parts  of  which 
are  lefs  and  lets  diftinfl,  as  they  are  further  diftant 
from  the  head,  until  at  length,  fpeftators  {hall,  at  the 
lame  time,  differ  ten  or  twenty  degrees  in  their  efli- 
mationof  its  apparent  length,  according  to  the  differ¬ 
ent  acutenefs  of  their  fight.  *  (See  Fig.  4.  B  b.) 

After  the  perihelion,  as  the  Comet  recedes  from 
the  Sun,  the  mutual  repulfion  of  the  two  atmofpheres 
gradually  decreafes,  while  the  mutual  gravitation  of 
the  Comet  and  its  own  atmofphere  proportionably  gets 
the  better  of  it,  until  at  length  the  exiled  atoms  are 
drawn  home,  and  that  perhaps  without  the  lofs  of  a 
fingle  one  ;  unlefs  the  tail  fhould  happen  to  fweep 
the  fphere  of  fome  Planet  in  its  way  3  in  which  cafe, 
if  the  atmofphere  of  the  Planet  were  large,  the  mutual 
repellency  of  the  two  would  rather  occafion  a  bifurca¬ 
tion  of  the  cometic  atmofphere  than  a  union  or  con- 
* 

*  Sir  I.  Newton  in  his  Princip.  fays,  “  the  Comet  of  16S0,  in  the  month  of 
“  December,  emitted  a  notable  tail,  extending  to  the  length  of  400,  500, 

“  6o°  or  70°  and  upwards”:  The  disjunctive  (or)  intimates  an  uncer¬ 
tainty,  of  at  leaf!  30  degrees,  in  its  apparent  length. 

fufion 
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fufion  of  them ,  but  were  that  of  the  Planet  very  fmall, 
and  did  wefuppofe  that  in  confequence  thereof,  that 
of  the  Comet  might  leave  a  fmall  portion  or  its  tail 
behind  ;  ftill  no  detriment  to  us  could  reafonably  be 
expe&ed  or  feared,  upon  that  account,  confidering 
the  amazing  rarity  of  the  Comet’s  Tail  Thecometic 
atmofphere  being  gradually  re-condenfed  round  is 
nucleus  as  before,  would  provide  it  with  a  Stable 
garment  for  winter  quarters  in  the  remote  parts  o 
its  orbit  •,  agreeable  to  the  ingenious  hypothecs  of 
Do&or  iVilliamfon. 

The  thicknefs  of  a  Comet’s  tail,  or  the  diameter  of 
a  feiftion  made  perpendicularly  thro’  it,  is  amazing  y 
vreat  towards  its  extremity  ,  the  apparent  breadth  ot 
the  tail  of  the  Comet  of  1680,  where  its  diftance  from 
the  Earth  was  equal  to  the  diftance  of  the  Earth  froin 
the  Sun, was  equal  to  above  three  apparent  diametei  s 
of  the  Sun  *  ;  confequently  the  real  thicknefs  or  that 
part  of  the  tail  was  about  three  millions  of  miles,  or 
between  three  and  four  hundred  diameters  of  the 
Earth,  yet,  fays  Sir  I.  Newton,  “  the  fmalleft  Stars  were 
vifible  through  it  without  any  diminution  of  their 
u  luftre.”  How  inconceivably  rare  then  mutt  it  have 
been!  Perhaps  iorfome  thoufands,  not  to  fay  millions 

ot  miles,  reckoned  from  its  extremity  towards  its 

head,  it  might  not  have  contained  more  air  than  a  well 
blown  bladder  does  with  us :  And  that  this  is  not  only 
poflible,  but  even  probable,  appears  from  Sir  I.  New - 
ton9s  computation  of  theexpanfion  which  a  cubic  inch 

,  The  Author  remembers  to  have  met  with  this  Obfervation  fomewhere  but 
cannot  at  prefent  recolleft  where.  But  it  was  not  far  from  the  truth,  if  ap¬ 
plied  to  the  Comet  of  1769.  0£ 
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of  our  air  is  capable  of,  already  repeatedly  referred  to. 


So  much  for  the  third  general  propofition,  which 
S'-e  reader  will  receive  or  rejeft,  according  to  the 
weight  of  the  evidence  offered  in  fupport  of  it.  It  is 
however  hoped  that  candor  will  be  exercifed,  and  that 
the  whole  will  not  be  exploded,  merely,  for  want  of 
accuracy  in  the  method,  or  of  perfpicuity  in  handling 
a  fubjedt  fo  difficult  of  accefs. 


A  fbort  digreffion  here  may  not  be  amifs,  in  order 
to  prevent  the  uncomfortable  impreffions,  which  the 
appearance  of  a  Comet  is  apt  to  make  upon  the 
minds  of  fome,  and  which  were  greatly  increafed  dur¬ 
ing  the  appearance  of  the  Comet  of  1769,  by  an  in¬ 
judicious  publication  in  one  of  the  fouthern  news¬ 
papers,  wherein  it  was  infinuated,  that  if  that  Comet 
fhouid  pafs  between  the  Earth  and  the  Sun,  the  Earth 
would  pafs  through  the  tail  of  the  Comet  ;  the  con- 
fequence  of  which,  the  writer  fuppofed,  might  be  fatal 
even  to  the  World  itfelf.  But  from  the  foregoino 
oblervations  it  is  evident,  that  fuch  apprehenfions 
were  groundlefs.  The  ingenious  and  learned  Mr. 
V/hijlon  has  indeed  endeavoured  to  prove,  in  order 
to  fupport  his  Theory,  that  a  Comet  paffing  near  the 
Earth  in  its  defeent  towards  the  Sun,  occafioned  the 
univerfal  deluge,  by  leaving  behind  it  a  fufficient 
quantity  of  vapors  from  its  atmofphere  and  tail,  (in 
which  he  fuppofed  the  Earth  to  be  inveloped,)  when 
condenfed  into  rain,  to  drown  the  World.  He  fur¬ 
ther  fuppofed  that  a  Comet,  in  its  afeent  from  the 
Sun,  might  be  fufficiently  heated  to  caufe  a  general 
Conflagration,  fbould  it  find  the  Earth  in  the  fame 

fituation. 
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fituation.  In  eonfequence  of  which  the  fears  of  many 
are  ufually  alarmed,  at  the  appearance  of  a  Comet, 
by  the  apprehenfion  of  fome  grand  cataftrophe.  But 
if  the  tails  of  Comets  are  fo  extremely  rare,  as  we  find 
they  muft  neceffarily  be,  and  as  every  one  mu.*  b.. 
convinced  they  are,  whoever  fa w  the  Stars  fhining 
through  them  •,  how  can  we  conceive  that  the  Eartn 
in  palling  through  one  of  them,  could  carry  off  oceans 
fufficient  to  fubmerge  44  all  the  high  hills  under  tue 
whole  Heaven ”  ?  to  effeft  which,  many  of  our  oceans 
would,  doubtlefs, be  neceflary.  On  the  contrary, it  feems 
probable,  from  the  foregoing  confiderations,  that  the 
tails  of  all  the  Comets  which  ever  appeared,  could  nor, 

I  jointly,  furnifh  water  fufficient  for  one  ocean  only. 

I  If  fo,  the  near  approach  of  a  Comet  muft  be  found  ut¬ 
terly  inefficient  to  account  for  the  fuperior  waters  of 
I  the  deluge,  or  the  forty  days  rain  mentioned  by  Mofes  *, 
whatever  diforders  might  otherwife  be  occafioned  in 
both  globes,  by  their  mutual  gravitation,  in  fuch  vi-  * 

cinity.  And  had  the  Earth  paffed  direftly  through 
the  midft  of  the  tail  of  the  Comet  of  1 769,  or  of  any 
1  other,  it  is  not  in  the  leaft  probable,  unlefs  tjie  Comet 
had  come  near  enough  to  injure  us  upon  otner  ac¬ 
counts,  that  the  Earth  could  have  carried  oft  with  it, 

'  or  that  the  Comet  would  have  imparted  to  us,  vapors 
fufficient,  even  for  a  common  thunder-fhower.  But 
this  is  fubmitted  to  the  reader  •,  who,  perhaps,  upon 
the  perufal  of  the  lecond  part  of  this  effay,  may  be  of 
opinion,  that  a  Comet,  in  its  afcent  from  the  Sun,  is 
no  more  calculated  to  fet ‘the  Woild  on  fire,  than 
to  drown  it  in  its  defeenr.  But  to  return  to  our 
fubjeift. 


\ 
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Here  a  material  objection  may  naturally  arife, 
viz.  why  fhould  the  Comets  appear  with  tails,  and 
thofe,  generally,  of  enormous  lengths,  while  the 
Planets,  which  have  atmofpheres  as  well  as  the  Com¬ 
ets,  are  always  feen  without  them,  even  when  at  equal 
diftances  from  the  Sun  ? 

1  o  this  it  may  be  anfwered  ;  that  the  atmofpheres  i 
of  the  Planets  are  fo  final!,  in  proportion  to  the  globes 
they  furround,  compared  with  thofe  of  Comets^that  I 
whatever  may  be  the  caufe  of  the  tails  of  the  latter  ;  . 
if  tne  fame  caufe  aft  upon  their  feveral  atmofpheres, 
proportionably  to  the  fpaces  they  refpeftively  occupy,  } 
the  tails  of  Comets  may  appear  of  aitonifhing  lengths,, 
while  thofe  of  the  Planets  fhall  be  totally  infenfibie.  j 
In  other  words  ;  the  Planets  in  fimilar  fituatioos  ] 
fhall  have  no  tails  at  all. 

•< 

The  Earth,  as  has  been  repeatedly  obferved,  is  a  I 
Planet,  with  which,  as  it  is  the  place  of  our  abode,  j 
we  are  well  acquainted  :  The  height  of  its  atmofphere 
is  generally  computed  at  about  fifty  miles  *,  beyond 
which,  its  denfity  is  not  lufficient  to  refleff  the  rays  y 
of  the  Sun  in  the  crepufculum  or  twilight  :  The 
diameter  of  the  Earth  is  about  8ooo  miles,  the  dia¬ 
meter  then  or  the  riartn  and  attmofphere  together  is 
about  8  too  miles  •,  from  whence  it  appears  by  com¬ 
putation,  that  the  fpace  occupied  by  the  atmofphere 
alone  is  to  the  fpace  occupied  by  the  Earth  alone, 
as  i  to  26  nearly. 

The  diameter  of  the  atmofphere  of  a  Comer,  as 
before  obferved,  is,  at  a  medium,  equal  to  ten  times 

the 
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the  diameter  of  its  nucleus  y  and,  fpheres  being  as 
the  cubes  of  their  diameters,  the  magnitude  of  a 
Comet  and  its  atmofphere  together  is  equal  to  one 
thoufand  times  the  magnitude  of  the  Comet  alone, 
confequently,  the  fpace  occupied  by  the  atmofphere, 
is  to  the  fpace  occupied  by  the  nucleus  as  999  01. 

Lft  us  fuppofe  a  Comet  of  equal  bignefs  with  the 
Earth,  having  an  atmofphere  as  above  defcnbed, 
to  be  fo  fituated,  as  that  the  Sun,  the  Earth  and 
the  Comet,  may  be  in  the  Angles  o>  an  equi¬ 
lateral  triangle  :  Let  us  fuppole  alfo  the  v.fible 
effeft  of  the  repelling  power  of  the  Sun  s  attnofp  r 
upon  thofe  of  the  Earth  and  the  Comet,  to  be  in  pro¬ 
portion  to  the  fpaces  they  refpefttvely  occupy  .  r -e 
magnitudes  of  thefe  atmofpheres  being  one  to  t..e 
other  as  999  to  A,  that  is  as  25974  »  1  »  when  a 
fpeftator  upon  the  Earth  might  fee  the  tad  of  the 
Comet  extend  through  an  arch  in  the  Heavens  ol 
Co°  ■  had  the  atmofphere  of  the  Earth  a  tad,  anfing 
from’  the  fame  caufe,  in  proportion  to  the  fpsce  it  oc¬ 
cupied,  to  a  fpeftator  upon  the  Comet 
tend  an  angle  of  no  more  than  o  08  8  ‘  .  °r  00 

vided  by  25974,  an  angle  which  the  bed  >"ft''u",ents 
could  never  difeover  in  an  objeft  fo  dubioufly  defineo 
In  other  words,  when  the  Comet  would  have  a  tad 
60“  in  length,  a  Planet  at  the  fame  diftance  from  the 
Sun  would  have  none  at  all. 

The  atmofpheres  of  the  inferior  Planets  are  pro* 
h  i.lv  iefs  in  proportion,  and  thofe  of  the  fupenor, 

2S  thin "hat  of  the  Earth.  But  this  fubjeft  may 

b  more 
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mare  property  be  introduced  in  the  fecond  part  of  this 

•  ♦> 

The  principle  of  repulfion  by  which  we  have  en¬ 
deavoured  to  account  for  the  tails  of  Comets,  and  their 

tion  h"0’’  r0’the  Sc"’  may  reCeive  further  confirma- 
v  confidrrmg  fome  of  the  phenomena  which  the 

atmofphere  of  a  Comet  would  exhibit  in  the  neigh¬ 
bour  mod  ot  the  Sun,  were  the  Sun  diverted  of  his 
«mo  phere  or  were  his  atmofphere  deprived  of  its  • 
repellent  principle  :  We  fnall  therefore  endeavour  to 
provt  the  following  propofition,  viz. 

Were  the  Sun  without  an  atmofphere,  or  fome 

pheres  ofPCr  3ge  repei]ent  to  thc  Jl™f- 

rtrtmt  o  ?’  r  thc  Xthfrea!  fPaces  ™id  of  re- 

hS  f  **'  Wi!’  and  rwned 

f  om,  me  Sun,  every  Comet  would  have  Lc  ,  the 

,euon  of  one  being  towards,  the  other  Jnm  thc 

de  aWe  *  ' -V  t  the  *»&- 

-t  I  able,  and  both  would  increafe  as  the  Comet  an- 

tPowar&tim.e  SUn’  *°m  ^  «ravita:i™ 

ft  ^  r  '  ’  '  3  !-ornet,s  atmofphere  in  its  natural 

t:  T,eos  in » W,  CT2 

of  "  aiI^ulds  which  tend  to  a  common  center 

pheSre  mT,rU^Utf,n)  *  We  Iuppofe  this  a‘™f- 
c.  ,  '■  2'uutd  by  its  gravitation  towards  the 

thofe  mrtst0oCf°tnh  f- ^  l!"elaftiC  fiUid’  1!ke  W3ter  * 

.  p.  •  „  1IS  ‘,u,d  w,lich  were  neareft  to,  and 

Port  remote  rrom  the  Sim,  would  have  their  oravi  7 
'••on  towards  the  center  of  the  Comet  lefe^by  t 

Sun’s 
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Sun’s  attra&ion,  and  thereby,  from  a  fpherical  form 
the  whole  would  be  changed  to  an  oblong  fpheroid. 
This  is  in  fa<5t  the  cafe  with  our  ocean,  which  is 
changed  from  a  fphere  to  a  fpheroid  by  the  gravita¬ 
tion  of  the  Moon  ;  the  axis  of  which  fpheroid,  revol¬ 
ving  round  the  axis  of  the  Earth  in  confequence  of 
the  diurnal  motion,  caufes  the  flux  and  reflux  of  our 
fea.  But  the  atmofphere  of  a  Comet  is  indefinitely 
elaftic,  and  thence  capable  of  an  unlimited  expanfion  j 
therefore,  in  proportion  as  it  is  in  any  part  elevated 
above  the  fuperficies  of  the  fphere  it  occupies  when  in 
its  natural  quiefcent  (fate,  fuch  parts  are  proportionably 
at  liberty  to  expand  thomfelves,  by  virtue  of  the  mu¬ 
tual  repulfion  of  their  component  particles,  which  are 
now  in  great  meafure  freed  from  that  conftraint  which 
before  condenfed  them  •,*  which  would  change  both 
ends  ofihe  fpheroidal  figure,to  forms  fimilar  to  the  tails 
which  commonly  attend  the  Comets,  being  broader  as 
they  become  rarer  towards  their  extremities, on  one  fide 
and  the  other  :  But  the  tail  next  the  Sun  would  be  the 
moft  confidcrable,  the  effects  of  his  attraftion  on  th.;k 
fide  being  greateft  *,  and,  fhould  the  Co  et  approach 
near  enough  to  the  Sun, a  continued  aerial  flream  wouid 
beformed°from  one  globe  to  the  other,  whereby  the 
Sun,  by  his  fuperior  attra&ive  power,  would  by  de¬ 
grees  rob  the  Comet  of  its  atmofphere,  condenfing  the 
fame  round  his  own  globe,  without  leaving  the  Comet 
a  fufficiency  for  the  purpofes  of-lne  and  vegt ta>.ion 
in  its  folitary  retreat  without  the  planetary  fpheres. 
But  as  the  Sun  has  an  atmofphere,  repellent  to  the 
atmofpheres  of  the  other  heavenly  bodies,  chefe  in* 


*  See  Page  31 
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Conveniences  are  thereby  prevented,  and  every  globe 
ot  the  fyftem  retains  its  own,  unimpaired,  through 
every  ftage  of  its  revolution. 

I  hat  the  projection  of  the  tail  of  a  Comet  from 
its  nucleus,  and  its  perpetual  oppofition  to  the  Sun, 
do  arjfe  from  the  mutual  repellency  of  the  atmof- 
pheres  of  Sun  and  Comet,  as  we  have  endeavoured  to 
prove  in  the  foregoing  pages  5  may  be  confirmed  and  il- 
luftrated,  if  not  demo  nitrated  by  electrical  experiments. 

The  eleCtric  fluid  is  an  element, as  diftinCt  from  all 
others  which  we  are  acquainted  with,  as  air  is  from 
water  ;  and  if  there  be  any  fuch  thing  exifting  in  na¬ 
ture,  as  pure  elementary  fire,  this  claims  that  character, 
in  preference  to  all  others.  For  fire,  in  its  common 
form,  is  10  far  from  being  a  pure  element,  of  itfelf, 
that  the  prefence  of  air  is  necefTary  to  its  very  being. 
Whereas  the  electric  fire,  in  many  experiments,  aCts 
with  greater  freedom  in  vacuo ,  than  in  the  open  air. 
I»ut,  different  as  this  wonderful  fubftance  is  from  all 
others,  we  find,  that  fome  of  its  properties  greatly 
refemble  thofe  of  air,  already  treated  of  :  And,  if  the 
iollowing  propofitions,  which  are  introduced  to  prove 
mat  refemblance,  can  be  cofirmed  by  experiments  j 
and  it  be  ahowed,  that  fimilar  caufes,  naturally,  pro¬ 
duce  fimilar  effeCts  ;  it  is  prefumed,  that  the  folutions 
of  the  cometic  phenomena,  offered  in  this  eifay,  when 
compofed  with  thofe  experiments,  will  be  found  no? 
inadequate  to  the  phenomena. 

Prop.  i.  There  is  a  mutual  attraction,  fubfifting 
betwixt  the  eleCtric  fluid  and  common  matter  ;  in 

coofequence 
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confequence  of  which,  the  former  is  capable  of  and 
liable  to  a  condenfation  round  the  latter m  the  fame, 
manner  as  air,  by  common  gravitation,  is  condenk 
round  the  heavenly  bodies,  in  the  form  of  atmofp.ieres. 

The  truth  of  this  propofition  has  been  abundantly 
proved  by  Doftor  Franklin,  and  other  writers  upon 
this  fubjeft  :  Indeed,  the  fuccefs  of  all  our  elc&rical 
experiments  depends  upon  this  property  :  «  ™ 

add  further,  that  all  the  phenomena  which  have  ever 
been  obferved,  in  which  that  element  is  concerns, 
from  the  attraaion  of  fmall  hairs,  dull,  &c. , in 
confequence  of  the  attrition  of  amber,  to  the  moft 
fevere  blaze  and  irref, liable  force  of  lightning  ;  de¬ 
pend  in  a  great  meafure,  upon  the  fame  property. 

Prop.  1.  Air,  as  we  have  feen,  is  a  fluid,  the  par¬ 
ticles  of  which  mutually  repel  each  other  :  So,  alio, 
is  the  ele&ric  element. 

The  truth  of  this  propofition  is  demonflrated  by 
rhe  following 


J! 
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experiment.  1. 

Sosbend  a  plate  of  metal,  by  wire,  from  the  prime- 
conduftor  generally  ufed  in  theft  expend  and 
electrify  it.  On  another  plate,  plac-.  y  y 
mer,  at  the  diftance  of  three  or  four  mches.jut £ 
fmall  quantity  ot  dry  fand,  meal,  bran,  fl  •  >  t  ^ 
the  mod  impalpable  powder  t .  the  particle  r  ^ 

lower  plate,  being  attraaed  by,  and  th 
trading  the  eleatic  atmofphere,  condenfed  roundt  ^ 

G 


u»  .*  ■* 


•  I 


(  42  ) 

under  furface  of  the  upper  plate,  a  beautiful  fhower 
WI  en  ue  .  Theft;  particles  will  afcend  to  the  upper 
plate  *,  each,  by  virtue  of  the  aforefaid  attraction,  will 
receive,  and  condenfe  round  itfelf,  in  the  form  of  an 
atmofp.here,  a  quantity  of  this  fluid  proportional  to 
its  capacity  ;  be  immediately  repelled  from  it,  and 
oeicend  towards  the  lower  plate  ;  But  thefe  corpuf- 
cles  delcend,  diverging  from  each  other,  many  of 
them  falling  wide  of  the  plate,  upon  the  table  be¬ 
neath,  to  return  no  more  :  Which  divergency,  not 
on  y  indicates,  but  is  the  neceflary  confequence  of,  the 
mutual  repellency  of  the  electric  atmofpheres,  now 
condenfed  round  them.  Thofe  that  recover  the 
C  ver  Plate,  having  difcharged  their  fire,  re-afcend  to¬ 
gether  with  thofe  that  were  left  behind  at  firft  ;  with 
tneni  receive  a  new  charge,  and  return  diverging,  as 
bciore.  I  his  operation  continues,  until  molt  of  the 

f  7  ':,lcIeS  are  rcatter^  on  the  table  below,  few  beino 
eft  between  the  two  plates.  Now,  as  the  quantity  of 
the  fluid  condenfed  round  each  corpufcle  is,  probably 
prcpc:  tional  to  the  fuperficies  of  the  corpufcle ;  *  and 
this  experiment  will  fucceed  with  an  impalpable 
powaer,  if  perfectly  dry,  we  may  conclude,  that  the 
imalieit  conceivable  portions  of  the  elettric  matter. 
*hen  once  fevered,  arc  mutually  repellent  ;  from 
whence  we  may  infer  the  repellency  of  its  conftituem 
ptticies  themfelver. 

f  i 

This  property  is  alfo  largely  treated  of  by  Doctor 

«  ' Thff'  Fr*?T'\  ?fInt£d  ,CtterS  55 •  §  15. '  wherein  he  aflerts  tha* 

The  form  of  the  eie«rieal  atmofphcre  is  that  of  the  body  it  furrounds  - 


->  :  >  1  j:)I  , 


Tranklm* 


/ 


Franklin,  *  and  is  as  neceflary  to  moll  electrical  ex¬ 
periments,  as  the  former  is  to  all  •,  and,  doubtlefs, 
contributes  one  half  to  the  amazing  rapidity  of  light¬ 
ning,  to  which  nothing,  fhort  of  that  of  the  rays  of 
light,  can  be  compared. 

Frop.  3.  When  two  fmall  fpherical  bodies  have 
elebtrical  atmofpheres,  condenfed  round  them  thofe 
atmofpheres  are  mutually  repellent  :  As  we  have 
endeavoured  to  prove,  from  the  known  mutual  re- 
peilency  of  the  particles  of  air,  that  the  atmofphetes 
of  the  heavenly  bodies  are,  amongft  themfelves. 

This  proportion  naturally  refults  from  the  lad, 
and  is,  in  fome  meafure,  involved  in  it  *,  but,  as  the 
experiments  now  to  be  produced  in  iupport  of  it, 
may  fhew  us  in  what  manner  the  electric  atmofpheres 
act  upon,  and  affebt  each  other,  it  deferves  a  more 
particular  confideration.  For,  as  thefe  atmolpheres 
are  invifible,  in  themfelves,  and  aredifcoverable,  only 
by  their  effebts,  it  is  necefiary  to  charge  them  with 
fome  fubftances'  which  reflebt  the  rays  of  light,  in  or¬ 
der  to  render  them  proper  fubjebts  of  oblervation. — ■ 
I  But  the  duft,  powders,  &c.  ufed  in  the  preceeding  ex¬ 
periment,  will  not  anfwer  that  purpofe,  as  they  fly 
off,  inftantly,  upon  their  receiving,  and  condenfing 

*  See  Franklin' s  letters  p3ge  37.  §  5.  where  he  fays,  “  Every  particle 
“  of  matter  electrified,  is  repelled  by  every  other  particle,  equally 
“  eleCtrified.  Thus  the  ftream  of  a  fountain,  naturally  denfe  and  continual, 
“  when  electrified,  will  feparate  and  fprcadinthe  form  of  a  brufti,  every  drop 
“  endeavouring  to  recede  from  every  other  drop.  But  on  taking  out  the 
“  eleCtrical  fire,  they  clofe  again.”  To  which  may  be  added,  that,  if  a  fmall 
tin  cup,  filkd  with  water,  having  a  fpout  juft  big  enough  to  let  out  the  water 
by  diltiuCt  drops,  be  eleCtrified,  the  water  will  ilfue  from  the  mouth  of  the 
fpout  in  a  diverging  mift,  fo  long  as  the  cup  remains  charged,  but  as  foon  as 
^ifcharged  again,  will  fall  in  diflinCt  drops  as  before, 


round 
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round  themfelves  a  certain  portion  of  the  fluid  :  In- 
Read  of  which,  if  fine  limber  threads  are  run  through 
the  balls,  in  various  directions,  and  their  ends  cut  off 
at  equal  lengths,  thefe  threads,  as  they  cannot  efcape, 
fhew,  by  their  feveral  directions,  the  tendencies  of  the 
electric  atmofpheres  of  the  bodies  they  adhere  to. 

>-  ...  i  '  ■  ■  •  j  i  i  .  •  v  -* 

This  being  premifed,  we  proceed  to  the  following 


EXPERIMENT.  II. 


Let  a  pellet  of  cork  or  pith,  thus  prepared,  be 
iufpended,  and  electrified  ;  the  threads  will  diverge, 
equally,  every  way,  from  its  center  as  at  A  Fig.  6.  the 
electric  atmofphere  being  equally  condenfed,  upon 
every  part  of  it,  and  eq.uirepellent  from  its  center 
outward.  But  if  two  fuch  balls  be  fufpended  and 
electrified,  and  caufed  to  approach  each  other,  the 
threads  of  each,  which  happen  to  be  next  to  the  other, 
inftead  of  handing  out  every  way  from  the  center,  as 
before,  will  be  incurvated  towards  the  line  of  oppofi- 
tion,  as  at  B  and  C  •,  whereby  the  reciprocal  repulfion 
Of  their  atmofpheres  is  rendered  vifible,  as  the  direct¬ 
ions  of  the  threads  fhew  the  tendencies  of  thofe  at¬ 
mofpheres  refpectively  ;  from  which  it  appears,  that 
they  recede  from  each  other,  as  far  as  the  mutual  at¬ 
traction  fubfifling  between  each  atmofphere  and  its 
own  ball,  (which  atfirft  occafioned  a  condenfation  of 
the  former  round  the  latter,)  will  permit.  But  that  the 
atmofpheres  do  not  wholly  fly  off,  in  confequence  of 
this  repulfion,  isevident,as  the  threads  continue  in  the 
fame  directions,  until  one,  or  both  be  t’ufc barged. 
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Query.  Does  not  this  experiment  abundantly  con-. 

nrmand  illuftrate  the  reafoningin  page  29,  relative 
the  paffage  of  wo  Planets,  or  Comets,  attended  with 

large  aerfal  atmofpheres,  by  each  other ,  wHofe  mu¬ 
tual  effefis  are  reprelented  at  C  and  D  -  >o-  3  ■ 

We  (hall  adduce  one  experiment  more,  before  we 

him  who  will  be  at  the  trouble  of  makin^  it,  as 
demonftrative  of  the  principle  under  conhaeratron. 

EXPERIMENT  IH. 

PaovroE  a  wooden  fphere,  of  four  or  five  inches 
in  diameter  (call  it  A)  s  let  it  be  gi  t,  3s 
will  better  condenfe  the  define  flui  up  ' 

aU-o  a  fmall  pellet,  of  cork,  or  P‘th  ot  f d*  .  ^ 

SS,  JSSe“of£  ^B^kSe 

£th  Si  pellet.  The  mutual 

elefiric  atmofphere  «fc  ^  mutual  attrafiion 

between  the  pellet  and  its  atmofphere  will  permit  v 
which  attrafiion  is  at  the  fame  time  fo  ftrong,  as  that, 
nir  than  fuffer  a  reparation, the  pellet  flies  oft  with  its 
atmofphere,  to  a  certain  diftance  from  A,  where  its  na¬ 
tural  gravitation  to  theEarth  is  juft  balanced  by  the  re¬ 
peat  force  of  the  two  atmofpheres :  There  B  remains 
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DoffiblpWfh’fe  ‘a  atmo,fphere  retires  as  much  farther  as 
*  ,  r  A  ’  w,t  lout  quitting  it  wholly ;  inftead 

^rt  Ch  lt  “"dergoes  a  longitudinal  dilatation,  in  op- 
pofifon  to  the  center  of  A,  as  the  atmofpheres  of  Co¬ 
mets  do,  with  regard  to  the  Sun  :  This  is  evident 
from  the  directions  of  the  threads,  which,  obfa  vedin 
a  fide  view  bear  a  near  refemblance  to  the  tails  of 
Comets.  When  the  pellet  is  in  this  fituation,  blow  it 
gently  w,th  a  bellows,  in  a  direftion  perpendicular  to 
.  "e  connedmg  the  centers ;  this  will  give  it  a 
projedtne  motion,  which  will  be  regulated  by  its  com- 1 
mon  gravitation  ,  and  as  the  center  of  A  is  direftTv 
under  the  point  from  which  B  is  fufpended,  the  he 
ter  Will  be  carried  round  the  former,  as  the  cemer  of 
us  motion.  1  hus  will  this  little  Comet  perform  many 
revolutions  round  its  eledric  Sun,  and  in  every  one 
and  through  every  part  of  each,  the  tail  of  threads 
I  conilantly  maintain  its  oppofition  to  it,  as  the 
tails  of  Comets  do  to  the  Sun  in  the  Heavens! 

an  W3S  Vefy  a8reeably  repeated  with 

Zb  a  tZfZtCur‘TS °fa fmal,> 

in  lenoth  I  5°  d’  ab°Ut  tW°  inches  and  an 
•  length  ;  when,  during  the  whole  time  of  the  exoe- 

inicnt,  m  which  it  performed  t  ^ 

tjonc  fhp  F  ,  ea,  atleaft,  twenty  revolu- 

*  the  tail,  as  nearly  as  the  eve  could 

preflbd  "IT"’  ™fed  th^°be,  the  tail  was  de- 
P  effid  ,  when  ,t  was  lowered,  the  tail  was  elevated  •  • 

maintaining  its  oppofition,  in  every  fituation. 

But 
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But  now,  from  thefe  experiments,  fome  may,  per¬ 
haps,  be  inclined  to  think,  that  the  eledtric  fluid  is  the 
foie  caufe  of  the  phenomena  of  the  tails  of  Comets  : 
That  the  Sun,  as  it  is  the  grand  fource  of  light  and 
heat,  throughout  our  fyftem,  may  be  the  fountain, 
from  which  this  element,  alfo,  is  fomehow  derived  to 
its  feveral  globes  :  That  Comets,  for  wife  ends,  un¬ 
known  to  us,  have  a  larger  fhare  of  this  fluid  than  the 
Planets  ;  and  that,  when  they  approach  the  Sun’s 
eledtrical  atmofphere,  their  own  are  thereby  repelled, 
as  in  the  foregoing  experiments  *,  and  appear  as  lucid, 
diverging  beams,  like  thofe  which,  in  the  dark,  we  fee 
flreaming  from  eledtrified  points. 

This  hypothefis  might  indeed  folve  the  phaenomena 
of  the  cometic  tails,  provided  the  electric  atmofpneres 
•or  bodies,  charged  with  that  fluid,  were  vifible  in  a.ry 
of  our  experiments,  even  when  made  in  the  dark  : 
But  as  that  is  never  the  cafe,  unlefs  the  fluid  be  in  mo- 

t 

tion  and  as  the  proof  of  the  exigence  of  fuch  atmof- 
pheres,  when  at  reft,  depends  fotely  upon  their 
effedts  upon  other  fubftances,  the  hypothefis  can¬ 
not  be  admitted.  Were  this  indeed  the  true  and 

* 

foie  caufe  of  the  phaenomena,  a  Planet,  near  which  a 
Comet  might  happen  to  pafs,  would  be  in  a  fituation, 
truly  hazardous  ;  for  it  is  evident  that  the  Planets 
(upon  that  fuppofition)  are  not  accommodated  with 
fuch  vaft  eledtric  atmofpheres  a$  attend  the  Comets  5 
confequently,  have  not  the  fame  proportion  of  that 
fluid  condenfecf  round  them,  but  far  fhortofit:— ? 
Therefore,  whenever  the  eledtric  tail  of  a  Comet 
pa  fled  near  a  Planet,  it 'would  be  attradled'by  it>  be 
drawn  afide,  from  its  oppofition  to  the  Sun,  towards  it, 
,  •  r  L  "  *"  '  *'  1  &ad 
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and  upon  it  difcharge  the  furpluffage  of  Its  fire,  that 
both  might  have  equal,  or  proportional  fhares  •,  which 
difcharge,  if  we  confiderthe  fnap  of  a  fmall  fpark  be¬ 
tween  two  cork  pellets,  and  enlarge  the  idea,  propor- 
tionably,  to  that  inftantaneous  cataract  of  fire  which 
would  neceffarily  take  place  between  two  Worlds  in 
fimilar  fituations,  we  may  well  imagine  would  give 
an  explofion,  which  nothing  could  equal,  fhort  of  the 
final  voice  of  an  archangel  ;  and,  if  it  were  not  fuffi- 
•dent  to  roufe  the  allies  of  the  dead,  might  reduce  the 
Irving  to  their  primitive  dull.  But  fuch  a  cataftrophe, 
we  have  not  the  leaft  reafon  to  dread,  from  the  neigh¬ 
bourhood  of  a  Comet,  unlefs  we  can  fuppofe,  that  in¬ 
finite  wifdom  and  goodnefs  would  create  one  world, 
merely  for  the  deftruction  of  another  *,  ns  v/e  cannot 
conceive  of  any  other  ends,  to  which  fuch  huge 
electrical  atmofpheres  could  be  adapted.  Indeed  the 
difcharge  would  be  equally  fatal  to  both  worlds  *,  as 
it  is  certain  from  electrical  experiments,  that  the  ef¬ 
fects  of  a  flroke  of  lightning  are  the  fame,  whether 
the  flalli  proceeds  from  the  cloud  to  the  Earth,  or  is 
difeharged  from  the  Earth  into  the  cloud,  both  of 
which  have  happened  during  the  fame  thunder-guff  ; 
as  appears  from  obfervations  made  by  Mr.  Kinnerfiy 
and  Doctor  Franklin  *  communicated  to  the  Royal 
Society.  But  to  put  this  matter  beyond  all  reafonable 
doubt,  we  may  further  obferve,  that  if  the  phrenome- 
na  of  Comet’s  tails  arofe  from  the  fame  caufe,  which 
renders  the  electric  ftream  vifible,  when  proceeding 
from  a  fteel  point,  thefe  tails  would  fhine  by  their 
own  light,  as  the  electric  fluid  does,  when  in  motion  ; 
whereas,  an  apparent  obfeuration  or  defect,  in  one  of 

*  Frsttkli*  i  Letters,  page  ri6  and  129. 
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thofe  tails,  has  been  obferved,  which  evidently  aroie 
from  the  Ihadow  of  its  -nucleus,  which  occaGoned  a 

partial  eclipfe  of  the  tail,  by  ■Intercepting  the  Sun  s 

rays*:  Confequently,  the  tail,  as  well  as  the  head, 
mines  with  a  borrow’d-  light,  and  both  are  vifible, 
only  by  reflecting  the  rays  ot  the  Sun. 

As  the  confideration  of  the  properties  ofthe  eleftnc 
element  was  introduced,  merely,  to  illujlrate  tie  eve 
ral  propofuions,  and  the  conclufions  retailing 
them,  contained  in  the  foregoing  pages  ,  tt  _ 
thought  proper  to  add  thus  much  upon  that  fu^ 
in  order  to  prevent  the  framing  an  hypothe  is 
thofe  properties,  which,  inftead  of  removing  t  e : 
of  the  timorous,  upon  the  appearance  of  a  Com  . 
(which  was  one  defign  of  this  effay,)  won  na 

tend  to  increafe  their  apprehenfions.  Wherea,  1 

the  principles  we  have  endeavoured  to  eftabh  , 
tails  of  Comets  appear  to  be  nothing  more  than  air 
immenfely  expanded  and  rarefied  ,  through  wh 
the  Earth  might  pafs,  with  the  utmoft  faf  y 
inhabitants.  And,  inftead  of  thete  bodies  being 
heralds,  fent  forth  to  denounce  the  wrath  of  1  leaven, 

in  which  light  they  have  been  confidered  by  the  igno¬ 
rant  and  fuperftitious,  of  all  ages  •,  or  the  immerlia  e 
executioners  of  divine  vengeance,  as  others  have  ap- 
prehended  •,  we  Hull  endeavour  to  prove,  in  t 
lowing  pages,  that  Comets  deferve  to  be  confider.d 
in  a  more^efpeflable  light  •,  and  that  their  tads,  how- 
ever  awful  and  portentous  they  have  been  eftc 

*  Cometographia  Lib.  XII .  P»Se  898,  quoted  by  Mr.  Profeffor  W»tbr*? 

in  his  zd  Lefture  on  Comets. 

H  by 
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by  lome  ;  may  be  defigned  for,  and  are  wifely  adap. 

hbaw’  I™'7  •8°d'like  PurP°fe.  of  rendering  ha- 
bitable  a  vafl :  vanety  of  Worlds  ,  and  of  affording  . 

comfortable  fubfiftance  to  innumerable  fpecies  of  beinls 

by  Which  they  are,  probably,  inhabited.  * 
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ESSAY 

O  N 

C  O  M  E  T  S. 


PART  II. 


AS  ancient  geographers  imagined  the  polar  and 
equatorial  regions,  or  the  frigid  and  torrid 
zones  of  the  earth,  were  uninhabitable,  in 
confequence  of  the  extremes  of  heat  and  cold,  to  which  , 
thofe  climates  are  expofed  :  So,  modern  aftronomers 
have  pafled  a  fimilar  judgment  upon  the  fuperior  and 
inferior  Planets,  efpecially  on  Saturn  and  Mercury  \ 
concluding,  that  our  water  would  always  boil  upon 
the  latter,  and  be  frozen  upon  the  former  •,  and  that 
merely  in  confequence  of  their  different  di  dances  from 
the  Sun*  Whence  it  has  been  naturally  concluded, 
that  the  textures  of  their  various  fluids,  and  of  their 
inhabitants,  to  whofe  ufes  thefe  fluids  are  adapted,  are 
very  different  from  what  they  are  found  to  be 
upon  our  Earth  :  And,  confidering  the  near  ap¬ 
proaches  of  mod  Comets  /e>,  and  the  vad  elongations 
of  all  their  orbits  frsm  the  Sun,  it  has  been  generally 


*  Sec  Newt.  Prlnclp.  Book  III.  Prop.  VIII.  Cor.  4. 
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fuppofed,  that  no  material  race  of  beings  could  fubfift 
under  fuch  amazing  viciffitudes  of  beat  and  cold,  as 
thofe  bodies  muff,  from  their  different  fituations,  ne- 
ceffanly  be  expofed  to  ;  confequently  that, they  are 
uninhabited.  •  xyW’'  ^  v 

V  . 

But  the  conclufivenefs  of  this  reafoning  depends 
upon  the  truth  of  the  following  Propofition  ;  ad¬ 
vanced  indeed  by  Sir  Ifaac  Newton ;  but  not  fuppof  ted 
by  experiments,  which  were,  with  him,*  the  criterion 
veritatis  viz.  that,  “  The  heat  of  the  Sun  is  as  the 
u  denfity  of  his  rays ,  that  is  reciprocally,  as  the  fquares  of 
“  1$  difiances  from  the  Sun*” 

Here,  we  are  again  reduced  to  the  difagreeable 
neceffity,  of  difienting  from  the  opinion  of  thd  greateft 
GENIUS  that  ever  dignified  human  reafon  •,  which, 
coniidering  the  juftly  celebrated  fame  of  that  illuftri- 
ous  author,  may  be  ftigmatized  as  ignorance  or 
vanity  :  But  it  is  hoped  that  the  reader  will  wave  that 
imputation,  if  he  fhall  judge,  upon  the  whole,  that 
Sir  Ifaac  himfelf  would  have  altered  his  opinion,  upon 
the  evidence  which  we  fhall  produce  in  fupport  ofthe 
contrary  pofition  :  We  may,  however,  lay  down  this 
as  a  maxim,  that,  in  the  profecution  of  any1  fcience, 
the  progrels  of  the  mind  muft  neceffarily  be  retarded, 
in  proportion  to  the  implicit  affent  we  give  to  the  de- 
cifions  of  any  man,  however  great.  We  fhall  there¬ 
fore,  without  further  apology,  endeavour  to  prove  that 
the  heat  of  the  Sun,  as  perceived  by  us,  and  as  dif- 
coverable  by  its  effe&s  upon  other  fubftances  expofed 
to  his  rays,  does  not  depend  upon  the  denfiiy  of  thofe 

*  Princip.  under  Prop.  XLI.  Book  Hi.. 

rays 
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,  thoucrh '  they  are  necefiary  to  the  very  ex- 

rays .ony, ’  ?  at  •  bur,  equally  upon  the  concurrent 

iftcnce  of  that  heat  bu  ?  ^  prefently 

S:  it  win  follow,  that  thefe 

caufo  wherever  they  co-exift,  whether  .upon  the 

caufes,  the  heavenly  bodies,  will  naturally 

Earth,  or  upon  the  heavemy 

produce  fimilar  effects. 

In  the  mean  time,  before  we  engage  'n 
cuffion  of  planetary  heat,  as  depen  mg  up  .  ‘ 

tal  diftancesofthe  i 

*52SKS^*t,SSi 

the  diftribution  of  it  throughout  th.  va 
of  the  Earth. 

T,.  f  furface  of  the  Earth  has, by  geographers,  been 
divided  Se  zones,  viz.  one  Unit,  includmg  a 

reins  between  the  tropics  upon  every  p  «  of 

whicluhe  Sun  Ihines  perpendicularly  ^ 

liter  as  die  former  is  always  balking  in  a  fummer 
Sun' :  ’And  two  which  expetde- d ^ 

tudes  of  winter  and  ^  fit0Jted  between 

iriitnd  ZdZX  in  both  hemifpheres  In 

Of  equal  lengths,  the  year  w  t  than 

henr  mrtv  for  a  conftancy,  be  greati 

hear  may,  j  , ,  fuch  great  and 

any  other  climate,  yet  it  is  not  liable  ^  *  te 

fudden  changes  as  are  experienced  - 

_  r  -  .  \  # 
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^.ones  ;  for,  during  a  whole  annual  revolution  of  the 
eart  ,  the  difference  of  the  degrees  of  heat,  experienced 
m  the/^mizone, as  determined  by  the  thermometer,  are 

not  fo  great  as  thofe  which,  fometimes,  happen  in  the 
temperate  zones,  within  the  compafs  of  a  few  hours*  : 
Much  more  do  they  fall  fhort  of  the  extremes  which 
are  endured  in  the  latter,  in  the  oppofite  feafons  of  the 
year.ff  But  what  is  above  afferted  of  the  torrid  zone 
is  to  be  underftood  only  of  the  low,  inhabited  and 
cultivated  countries,  the  mountainous  regions  with 
wmch  thofe  climates  abound  being  excepted,  for  tea* 
a0ns  which  will  hereafter  appear; 


.  HE  axes  or  the  several  Planets  whofe  diurnal  ro¬ 
tations  have  been  difcovered  are  inclined,  more  or 

le,s’  t0  the  Plarics  of  their  refpeftive  orbits ;  confe- 
qnently,  their  fuperficies  are  divifible  into  zones  and 

*  °Z  ThT’  :V,‘;WlnKr.0f  ,?6s' ,he  *n  thermometer 

1  L  ow  o  ,  y  II  o  clock  the  fame  day  it  had  rifen  to  30°,  and  the 
next  day  to  above  6c°  ;  the  difference  being  650  in  little  nL  than  1 

'  Aslln>  May  3°>  ’764,  when  the  general  eleftion  for  the  choice  of 
counceHors,  .or  this  province,  was  held  at  Concord,  (a  town  about  20  miles  weft 
tnmBofton) 'the  weather  was  (for  the  feafon)  extremely  hot  ;  but  on  the 
morning  of  the  ift  June  following,  a  fevere  frort  cut  off  all  the  indian  corn 
beans  and  otner  tender  annual  vegetables,  in  that  and  the  towns  adjacent,  for 
mi  cs  ,ound.  And  on  one  Sunday  morning,  in  the  winter  of  1750-60,  a 

ranfuton  was  made,  inftantaneoufly,  from  fevere  cold  to  fummer  heat  ;  to 
he  great  furpnae  of  every  one>  and  t0  the  no  fmall  terror  of  ^he 

bmldmgs  fuddenly  fmoked  to  fuch  a  degree,  that,  in  feme  of  the  worfhippin- 
aifembhes  at  Bojlon,  the  people  fufpefted  that  the  neighbouring  houfes  were 
on  fire  ;  and  there  was  fcarcely  a  perfon,  who  did  not  recoil  from  the  heat,  at 
the  church  doors,  at  the  clofe  of  the  fervice, 

f  One  fummer’s  afternoon  in  the  year  1760,  the  thermometer,  being  expofed  t. 
the  open  a.r,  ln  the  fhade,  the  Mercury  flood  at  102  o.  At  anolher  tinje  vk. 

the  winter  of  ,766-67,  the  Sun  being  an  hourhigh  in  the  morning,  it  was 
a  r.  ie  ow  0°.  Thefe  were  probably,  as  great  extremes  as  have  been  ob- 
•med  in  this  chmate,  the  difference  being  mo  by  the  thermometer. 

climates, 
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climates,  correfponding  with  thofe  of  the  Earth  :  And 
it  is,  at  leaft,  highly  probable,  that  the  various  cli¬ 
mates  of  each  globe,  during  its  periodical  revolution 
round  the  Sun,  experience  as  great  viciffitudes  ot  heat 
and  cold  as  thofe  of  the  Earth  :  Nor  is  it  unlikely 
that,  in  the  equatorial  regions  of  the  different  Planets, 
there  may  be  at  the  fame  time  as  great  varieties  in  the 
degrees  of  heat  they  refpeftively  enjoy,  as  there  are  in 
the  temperate  zones  of  the  earth  in  the  different  lea- 
fons  of  the  year •,  but  fuppofing  all  this, the  inequalities  in 
thediftribution  of  heat  to  the  feveral  Planets  and  their 
various  climates  would  vanilh,  when  compared  with 
thofe  extremes  which  they  would  necelTarily  be  expo- 
fed  to,  at  their  feveral  diflances  from  the  Sun,  upon  the 
fuppofition  that  the  Sun’s  heat  were  as  the  denfity  of 
his  rays ;  for  were  that  really  the  cafe,  the  heat  of 
Summer  upon  Mercury  would  be  about  feven  times  as 
great  as  upon  the  Earth,  and  above  twice  as  hot  as 
boilino  water  with  us.  On  the  other  hand  our  ham¬ 
mer  heat  would  be  above  ninety  times  greater  than 
that  of  Saturn,  the  difference  being  more  than  feven 
times  as  great  as  that  between  our  fummer  heat  and 
the  heat  of  red  hot  iron*  :  For  it  is  undoubtedly  cer¬ 
tain,  that  the  denfity  of  the  Sun’s  rays  is  recprocally 
as  the  fquares  of  the  ditlances  from  the  Sun  ;  from 
whence  the  above  conclufions  mutt  neceffar.ly  follow, 
if  the  heat  be  proportional  to  that  denffcy. 

It  is  certainly  then  a  queftion  well  deferving  a  phi- 
lofophical  enquiry  ;  whether  there  be  not  iome  me- 

XLI.  Book  III*  dium 


(  56  ) 

’ 

dium  provided  in  nature,  which,  being  diftributed  in 
different  proportions  to  the  feveral  Planets,  may  fo 
attemper  the  heat  of  the  Sun  to  their  refpedtive  dif- 
tancesfrom  him,  as  that  the  inhabitants  of  all  may  be 
equally  happy  in  the  enjoyment  of  it  and  that  one 
globe  may  receive  as  much  benefit,  and  be  expofed  to 
as  little  injury,  from  that  heat,  as  any  other  through¬ 
out  the  fyftem.  This  indeed  feems  to  be  an  objedt  fo 
worthy  of  the  attention  and  providence  of  the  .  great 
PARENT  of  the  univerfe,  that  a  philofophic  mind 
would  naturally  embrace  fuch  an  hypothefis,  had  it, 
but,  the  mod  {lender  evidence  to  fupport  it.  This 
medium,  we  fhall  find,  is  a&ually  provided  in  the 
element  of  air,  which  is,  in  various  proportions,  con- 
denfed  round,  and  confiitutes  the  atmofpheres  of  the 

Earth  and  the  heavenly  bodies. 

s  '•*  .  ,  o  •  ,  „  .  .  v*  •?  .,  •.  L&  \  9 

•  ! 

As  air  is  an  element,  to  which  we,  and  probably 
the  inhabitants  of  the  other  Planets,  are  more  indebted 
than  is  generally  imagined  ;  a  fhort  differtation  upon 
fome  of  the  advantages  which  accrue  to  us,  and  pro¬ 
bably  to  them,  from  its  pretence,  may  be  acceptable 
to  the  reader. 

v  -  w  .  .  .  .  -i.  ,  ,v 

AIR  is  a  grand  medium  in  nature,  through  which 
an  all-bountiful  providence  conveys  to  us  many  of  the 
conveniences,  comforts,  and  delights  of  life.  Upon 
Air  depends  the  afcent  of  vapors,  and  their  condensa¬ 
tion  into  clouds,  whence  they  defcend  in  dews  and 
grateful  fhowers,  to  refrefh  and  fru&ify  the  Earth. — 
Upon  Air  we  depend  for  the  twilight,  which  affords 
us  an  agreeable  gradation  of  fhades  from  day  to  night; 
without  which  we  fhould  inftantaneoufiv  plunge  from 

the 
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the  Tight  of  the  Sun  to  midnight  darknefs ;  and  again 
emerge  from  total  darknefs  to  the  full  lull  re  of  cay  ; 
which  would  be  unfufferable  to  our  organs  ot  light, 
upon  their  prefent  conftruaure.  Air  is  alfo  the  ve¬ 
hicle  of  founds,  whether  articulate  or  inarticulate ; 
confequently  without  it,  we  fhould  not  only  be  de¬ 
prived  of  the  artlefs  melody  of  the  woods,  and  of  the 
raptures  which  accompany  the  mafterly  .execution 
of  mufical  compofition  ;  but,  which  is  of  infinitely 
creator  importance  to  us  ,  there  could  be  no  language, 
no  communication  of  ideas,  but  by  dumb  figns  •,  no 
liberal  arts  nor  fciences  in  the  world.  1  herefore  if 
we  could  fubfift  without  this  element,  all  mankind 
would  be  like  the  unhappy  few  among  us  who  are 
faid  to  be  born  deaf  and  dumo. 

It  has  already  been  (hewn  from  experiments,  that 
Air  is  neceffary  both  to  the  fupport  of  animal  life,  and 
to  the  fubfiftance  of  flame  :  And  how  fat -t :e v  y 
beinvof  fire,  in  any  fhape,  and  even  of  heat  it.  H, 
may°dcpend  upon  it,  the  reader  may  judge  fronu  the 
following  experiments  and  obfervations  or  Mr.  Boyle, 
related  in  Sto’s  Abiidgement  of  his  Vv  01  ks. 

u  CoAts,”  rays  Mr.  Beyle,  “  being  put  glowing 
.1  int„  a  receiver,  in  three  mi  note,  alter banning 
“  to  pump,  the  fire  totally  diiappetped.— Othei  c 
“  being  fufpended,  in  the  open  air,  at  the  fame  tim, , 
a.  continued  burning  ’till  a  great  part  was  reduced 
“  to  afhes  *.  Lighted  match  was  found 1  more  >  « - 
-  cult  to  put  out  by  exhaufting  the  air  than  kindled 
.1  charcoal,  neverthelefs  in  about  feven  minutes  the 


*  Shaw’s  Boyle,  page  419. 
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“  fire  was  extinguifhed,  beyond  the  poffibility  of  re- 
“  covery  by  re-admitting  frefh  air.”  Here  we  fee  that 
air  is  necefiary  to  the  fubfiftance,  not  only  of  flame,  but 
of  fire  that  emits  no  flame  at  all.  To  thefe  we  may  add 
an  eafy  experiment,  which  any  perfon  may  try  at  his 
leifure,withoutthe  afliftance  ofa  pneumatic  engine,  viz. 

A  compofition  may  be  made  of  allum  and  flour,  which 
being  well  mixed  together,  reduced  to  a  cinder  in  a 
crucible,  pulverized,  and  otherwife  prepared  by  a 
fecond  heat,  in  a  phial  fecured  from  the  free  com¬ 
munication  of  the  external  air,  acquires  an  igneous 
quality,  which,  if  the  phial  be  kept  flopped,  it  will 
retain  unimpaired,  even  for  many  years  ;  nor  will  it 
fhew  any  appearance  of  fire  more  than  any  other 
matter  confined  in  the  fame  manner  ;  but  if  at  any 
time  a  few  grains  of  it  be  let  out  upon  any  com- 
buftible  fubftance  in  the  open  air,  it  will  by  the  frefh 
air  be  inftantly  changed  into  fire,  and  kindle  the  fub¬ 
ftance  upon  which  it  falls.  This  powder  is  com¬ 
monly  called  the  black  phofphorus.  From  a  fmall 
quantity  of  it  the  experiment  may  be  repeated 
with  fuccefs  for  years  together,  provided  care  be  taken, 
whenever  the  phial  is  opened  to  let  out  any  of  the 
powder,  to  flop  it  again  immediately,  to  prevent  the 
too  free  accefs  of  the  external  Air.  Here  we  have  a 
fubftance  which  has  all  the  qualities  of  fire  inherent 
in  it,  and  retains  them  for  a  long  time,  and  yet  can 
never  exhibit  them  but  upon  the  admiffion  of  frefh 
Air.  But  to  return  to  Mr.  Boyle :  In  page  603  he 
concludes  from  experiments,  which  he  had  been  mak* 
ing  in  condenfed  Air ,  that  “  the  confumption  of  mat- 
e*‘  ter  by  fire  is  greater  in  proportion  to  the  quantity 
**  of  Air  contained  in  the  (fame),  receiver  *,  or  rather 
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«  Jn  a  ftill  greater  proportion,”  as  he  found  by  Come 
fubfequent  experiments.  Therefore,  as  the  confump- 
tion  of  matter  by  fire,  without  flame,  muft  be  pro¬ 
portional  to  the  intenfity  of  the  heat  which  confumes 
it,  we  may  conclude  from  this  laft  obfervation,  that 
the  intenfity  of  the  heat  in  any  enkindled  fubftance, 
is  nearly  proportional  to  the  denfity  of  the  furrounding 
Air ,  and  depends  in  a  great  meafure  upon  it.  In  page 
604  Mr.  Boyle  concludes  from  other  experiments,  that 
«  fire  is  more  eafily  kindled  in  Air  much  comprefled, 
“  than  in  common  Air.  Now  it  is  certain  that,  the 
more  intenfe  the  heat,  the  quicker  the  fame  combufti- 
bles  are  kindled  by  it  •,  thus  bodies,  expofed  to  the 
foci  of  different  burning- glafifes,  will  take  fire  fooner 
from  fome  than  from  others,  according  as  the  powers 
of  thofe  glafies  to  condenfe  the  Sun’s  rays  in  their  foci 
(cateris  paribus)  are  greater,  by  which  condenfation  the 
heat  is  proportionably  increafed  :  But  as  in  thefe  ex¬ 
periments,  made  in  condenfed  Air,  Mr.  Boyle  kindled 
his  fire  with  the  rays  of  the  Sun,  thus  colle&ed  in  the 
focus  of  a  burning-glafs,  and  found,  as  above,  that  the 
fame  glafs  would  more  eafily  kindle  fubftances,  in 
comprefled  Air,  than  in  common  Air,  it  follows,  that, 
the  denfity  of  the  Sun’s  rays  remaining  the  fame,  the 
heat  with  which  they  were  accompanied  was  increafed 
by  increafing  the  denfity  of  the  Air  in  hki~  manner 
as  if  the  denfity  of  the  Air  had  remained  the  lame,  ant 
the  denfity  of  the  rays  had  been  increafed,  by  ufing 
glafifes  of  ftronger  powers  :  To  which  may  be  adde 
that  Mr.  Boyle  always  found  it  extremely  difficult,  and 
fometimes  impofiible  to  kindle  any  fubflance  whatever 
in  an  exhaufted  receiver,  either  by  the  rays  of  the  Sun, 
or  even  by  red-hot  iron  in  contadt  with  gun-powder 

itfclf.  The  conclufion  is  obvious  to  every  capacity. 

Having 
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Having  thus  exhibited  to  the  reader  an  imperfeft 
fketch  of  the  principal  ules  to  which  our  Air  is  fublervi- 
ent  •,  wherein  among  other  things,  we  have  feen  the  ne- 
ceffity  of  its  prefence  and  co-operation  in  the  product¬ 
ion  of  heat  by  the  rays  of  the  Sun,  in  common  expe¬ 
riments  :  We  fhall  now  in  further  profecution  of 
the  fubjeCt,  proceed  to  prove  that  the  heat  of  the 
Sun,  as  enjoyed  by  the  inhabitants  of  the  Earth  in 
general,  depends,  riot  only  upon  the  denfity  of  the 
Sun’s  rays,  but,  equally,  upon  the  denfity  of  the  fur¬ 
rounding  atrpofphere.  This  we  fhall  prove  from-the 
teftimonies  of  travellers  of  the  moft  undoubted  repu¬ 
tations  who  eroded  the  Teas,  and  undertook  the  moft 
dangerous  and  fatiguing  journies  which,  perhaps, 
have  ever  been  performed  by  man,  with  no  other  view 
than  to  promote  the  caufe  of  fcience  *,  particularly 
Don  George  Juan  and  Don  Antonio  de  Ulloa ,  and  their 
attendants  who  were  fent  by  the  Courts  of  France  and 
Spain  to  South- America,  to  meafure  a  degree  of  the 
meridian  under  the  Equator  :  In  the  execution  of 
which  commiffion,  they  were  obliged  to  take  their 
ftations,  and  make  their  obfervations  upon  fome  of 
the  highefl  mountains  upon  the  Earth,  via.  the  Andes 
in  the  neighbourhood  o i  Quito,  under  the  Equino&ial. 

It  is  well  known  that  the  tops  of  high  mountains 
are  at  all  feafons  very  cold,  and  are,  for  the  rnoft  part, 
covered  with  fnow  the  year  round.  But  thofe  above- 
mentioned,  exhibit  a  lcene  truly  curious  ;  for  from 
their  iumrnits  to  the  plains  below,  inclufm-.ly,  may  be 
found  at  the  fame  time, all  the  varieties  of  heat  and  cold, 
which  are  to  be  met  with  in  every  climate  of  the  Earth, 
at  all  feafons  of  the  year.* 


*  Sec  Uiha'i  voyage  to  Suit b- America,  Book.  V u  th.  VIJ, 
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One  obfervation  made  by  Don  ie  Ulloa  upon  the 
fnot  is  very  remarkable,  and  much  to  the  prefent  point 
He  fays,  «  the  region  of  cont.nual  congelation  bega 
..  upon  the  feveral  mountains  at  the  fame  heig 
..  above  the  level  of  the  Sea,  as  determined  bj 'equal 

»  heights  of  the  mercury  <t»  Barometer. 

IfaacNeJcn  afferts,  and  deduces  the  certainty 

from  “  aftual  experiments,”  that ‘‘  as  to  our  own  air, 

“  rfe  denfttyoftt"  (t.  e.  at  any  "'8  '  rfaVshe) 

«  weight  of  the  whole  incumbent  air,  that  is,  (  y  ) 
as  the  height  of  the  mercury  in  the  barometer  . 

therefore  follows,  that  the  region  of  “  c0llt,nua 
(relation,”  or  perpetual  froft  commenced  upon  all 
?hofe°mountains>  where  the  air  was  o  <  e 
fitv  Above  that  certain  height,  the  denfi  y 
ieL-d,  and  the  cold  increafed  according  y  m  fever, ty, 

1,  the  ops  of  the  mountains  prefented  all  the  horrors 
of  winter,  which  are  to  be  found  in  the  polar  regions. 
Whereas  below  that  height,  as  the  denfity  ol  t  ie  air 
increafed,  from  theincreafe  of  the  incumbent  preffure, 
the  heat  of  the  Sun  alfo  increafed  ;  till  the  inhaoitants 
of  the  plains  below  fuffered  all  the  inconveniences  o, 

the  torrid  zone. 

Now,  the  denfity  of  the  Sun’s  rays  being  the  time 
in  the  feveral  cafes,  and  the  tops  of  the  mountains  be- 
h„  above  the  common  region  of  the  clouds,  and  confe- 
qiiencly  enjoying  the  prefence  of  the  Sun  much  more 
than  the  plains  below  ;  it  follows,  that  although  the 
rays  of  the  Sun  may  be  xktftne  qua  non,  without  which 
the  inhabitants  of  the  Earth  would  enjoy  no  heat  at 
all  yet,  the  degree  or  quantum  of  their  heat  depen  s 
vi non  the  denfity  and  co-operation  ot  the  aerial  medium 
through  which  thofe  rays  are  tranfraitted  to  them.  ^ 
*  See  Pfincip.  Bjok  II.  Prep.  XXII.  Schot. 
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As  the  proportionality  of  the  Sun’s  heat  to  the  den¬ 
sity  of  his  rays,  is  a  point,  upon  which,  as  proved  or 
difproved,  many  curious  queftions  in  natural  philofo- 
phy  may  turn,  every  argument  which  tends  to  deter¬ 
mine  that  point  will  doubtlefs  be  acceptable  to  the 
reader  •,  and  if  he  fhould  be  already  fatisfied  in  his 
own  mind,  from  the  foregoing  obfervations,  that  the 
heat  of  the  Su  n  is  not  as  the  den  fity  of  his  rays  fimply,  yet 
it  is  hoped  that  he  will  patiently  attend  to  one  argument 
more,  which  is  drawn  from  Sir  Ifaac  Newton's,  own 
principles,  and  naturally  refults  from  his  computation 
of  the  amazing,  inconceivable  degree  of  heat,  which 
mud  have  been  acquired  by  the  Comet  of  1680,  at  its 
perihelion,  upon  that  fuppofition  ;  which,  though  it 
has  never  been  controverted,  but  generally  allowed  to 
be  juft,  and  quoted  accordingly,  muft,  if  true,  have 
occafioned  the  exhibition  of  fome  phenomena,  which 
could  not  have  efcaped  the  notice  of  the  many  curious 
aftronomers  of  that  day.  According  to  this  great  au¬ 
thor’s  calculation,  this  Comet,  by  its  near  approach  to 
the  Sun  at  its  perihelion,  “  acquired  a  degree  of  heat 
two  thonfand  times  greater  than  the  heat  of  red-hot 
iron*”;  but  from  previous  experiments  he  concludes, 
that  the  heat  of  red-hot  iron  is  but  twelve  times  greater 
than  that  which  dry  earth  acquires  when  expofed  to  the 
fummer’s  Sun  :  With  what  an  amazing  luftre  then  muft 
the  Comet  haveglowed, merely  from  the  heat  itacquired 
during  its  proximity  to  the  Sun  !  Therefore  at  its 
firft  appearance  after  the  perihelion,  it  muft  have  (hone, 
not  with  a  borrowed  or  reflected  light,  as  it  did  before 
it  arrived  at  thacftage,  but  by  its  own  newly  acquired 
luftre,  far  exceeding  (perhaps)  the  brighteft  Star  in 
the  Heavens  ;  for  if  iron  heated  but  twelve  times  more 

'*  Princip.  Book.  III.  under  Prop.  XLI. 
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than  dry  earth  expofed  to  a  Cummer’s  Sun,  becomes 
red-hot,  and  from  that  heat  emits  afplendor,  indepen¬ 
dent  of  the  Sun’s  rays,  we  may  defy  the  human  ima¬ 
gination  to  conceive  of  that  fplendor,  when  yet  in- 
creafed  two  thoufand  fold,  and  exhibited  by  a  globe  of 
equal  dimenfions  with  the  Earth.  Furthermore  ^ 
Lc  computes  that  a  globe  of  red  hot  'ton  equal  o 
the  Earth,  or  the  Comet,  fuppofed  of  equa  'g  • 
would  fcarcely  cool  in  fifty  thoufand  years  •,  therefore 
the  Comet,  being  two  thoufand  times  hot  er, 
a  globe  of  iron,  would  require-5oooo  mu  ttplied  y 
2000,  or  one  hundred  millions  of  years  to  coo  m.  L 
if  we  fuppofe  the  Comet  to  cool  a  hundred  times 

^  rhe  fame  magnitude,  equally 

than  an  iron  globe  ot  the  lame  m  &  V 

heated  ;  it  could  not  lofe  all  its  heat  und-r  a 

million  years  *  ,  nay,  tf«heendof^fa-^^ 
years  it  would  Hill  be  «  thoufand  times  hot  er  and 

fme  Comet,  after  intervals  of  five  hundred  andfeventy 
five  years ,]  if  at  every  perihelion  it  acquired  a  deg  ee 
of  hL  Which  it  could  not  lofe  under 

upon  thefe  principles  muft  be  ^  accumulations 
its  heat  during  thofe  feveral  revolutions!  to  great- 

.  This  is  the  duration  of  host  1 o”  *jj’  time.  f»ta  >•“»  1 

lion.  But  why  globe  «f  esttb  ^  ^  lht  fuppo6,io„ 

of;7;  1,  w  *  .»•  .< *>» « - 

ti.be  .if*-  that 

>  .  ^  ....  .  •  *  •  '  ‘  • * * ' 
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that  one  would  imagine,  that  for  ages  after  its  peri¬ 
helion  it  would  be  vifible  merely  from  its  own  luftre  •* 
and  that  when,  from  its  diftance,  its  diameter  would 
become  infenfible,  it  would  ftill  be  feen  as  a  lucid 
point,  twinkling  among  the  Stars  :  Yet  fo  far  was  this 
from  being  the  cafe,  that  in  three  months  from  its  pe¬ 
rihelion, viz.  from  8th  December  to  9th  March  it  totally 
difappeared,  though  the  Earth  was  in  a  fituation  to 
view  it  for  a  contiderable  time  after  :  Sir  Ifaac  Newton 
fays  “  on  the  ninth  and  tenth  of  February  to  the  naked 
«  eye  the  head  appeared  no  more.” 

This  Comet,  at  leaft  its  tail,  was  difeovered  by  Mr. 
Flamftead  two  days  after  its  perihelion,  viz.  on  the 
joth  December  •,  from  which  time  till  its  total  dilappear- 
ance,  it  was  conftantly  obferved  by  aftronomers  •,  but 
none  of  their  obfervations  take  notice  of  any  extraor¬ 
dinary  brightnefs  it  exhibited,  more  than  is  ufual  in 
the  appearance  of  other  Comets.  Sir  Ifaac  indeed 
obferves,  that  w  in  the  month  of  December ,  juft  nicer 
“  it  had  been  heated  by  the  Sun,  it  did  emit  a  much 
longer  tail,  and  more  fplendid  than  in  the  month  oi 
“  November  before,  when  it  had  not  yet  arrived  at  its 
“  perihelion.”  But  this  he  afferts  of  the  tail  only, 
for  foon  after  he  adds,  tv  the  head  of  this  Comet  <u 
equal  diftances  from  the  Sun  and  from  the  Earth, 
appeared  darker  after  its  perihelion  than  it  did  be- 
fore”  :  It  is  true  he  accounts  for  it  by  fuppofing 
the  “  nucleus  to  be  environed  by  a  denfer  and  blacker 
**  frnoak  than  before.”  But  this  is  difficult  to  recon  ¬ 
cile  with  what  he  fays  a  page  or  two  back,  when 
fpeaking  of  the  fame  Comet,  viz.  “  by  fo  fierce  a 
“  heat,  vapors  and  exhalations,  and  every  volatile 

“  matter 
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«  matter  muft  have  been  immediately  confumed  and 
«  diftipated*”.  May  we  not  add,  and  the  whole 
folid  mafs  calcined  or  vitrified  ?  Therefore,  if  that 
dulnefs  in  its  appearance,  after  the  perihelion,  as 
owing;  to  clouds  and  vapours,  it  is  evident,  from  that 
great  author’s  own  reafoning,  that  the  Comet  cou 
not  have  beenexpofed  to  fo  great  an  intenfity  of  heat, 
in  that  vicinity  to  the  Sun  ;  fince  all  fuch  heterogeneous 
exhalations  muft  have  been  confumed  and  diffipated 
thereby,  as  faft  as  they  arofe  from  the  head  *,  if  indeed 

any  volatile  or  evaporable  matter,  or  any  de§rec  ° 
moifture  whatever  could  have  remained  in  the 
after  fuch  an  inconceivable  ignition.  Finally,  had 
the  Comet  ever  acquired  fo  great  an  intenfity  m  neat, 
it  is  probable  the  inhabitants  of  the  Earth  would  never 
have  loft  fight  of  it  to  the  end  of  time  ;  much  le  s 
would  it  have  totally  difappeared  in  three  months 
after  its  perihelion. -fv 

*  If  at  the  perihelion  dirtance  of  this  Comet  from  the  Sun,  viz.  about  160  000 
miles  or  ,-6tb  of  the  Sun’s  diameter  above  his  furface  (according  to  Sir  /. 
N'J'on),  the  Sun  s  heat  is  fo  fierce,  as  that  “  all  kinds  of  vapours  and  «- 
..  halations  muft  be  immediately  confumed  and  d.ffipated  thereby  ,  h 
poffiblc  for  thofe  clouds,  (for  fuch  they  undoubtedly  are  f«  P-ge  J 
appear,  more  or  lefs,  every  day,  like  fpot,  upon  the  Sun  s  d.fic,  and  «o.  ^  # 
atmofphere,  at  the  height  of  but  7  or  8000  miles  above  h..  fur  ft-  ^  ^ 
page  29)  to  remain  undiffipattd  for  above  twenty  days  t0^  ’ 

them  moft  certainly  do  (fee  page  *)  ?  Or  rather,  does 

Sun’s  atmofphere. 

'  t  ,f  ,h«  S«d  Stars  be  feppofed  «,.J  !»  *' S“^J 

«,«.!»  -he  Earth  s  the  ^'^7. Me i‘  .11 
vear«  and  its  body  be  fuppofed  fufficiently  luminous  to  render 
Pont  orbit  •  it  appears  from  Mr.  Bra**  determination  0^  he 

,b'  su,s’  .‘he  .«a»i  »f 

even  when  moft  remote  from  the  Sun  and  from  the  kartft. 

K. 
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Sir  I.  Newton ,  in  making  his  computation  of  th« 
heat  fuftained  by  this  Comet,  firft  took  it  for  granted, 
“  that  the  heat  of  the  Sun  is  as  the  denfity  of  his  rays,” 
(as  we  have  feen  before) :  In  the  next  place,  he  con- 
fidered  the  denfity  of  thefe  rays  with  us,  at  the  mean 
diftance  of  the  Earth  from  the  Sun,  as  a  fixed  and 
•  certain  ftandard,  with  which  the  denfity  of  the  rays  at 
every  other  diftance  might  be  compared  :  Then,  after 
t'xpofing  dry  earth  to  the  fummer  Sun,  he  compared 
the  heat  contradted  thereby,  with  that  of  boiling  water 
and  red-hot  iron,  and  found  by  experiments  the  pro¬ 
portional  degrees  of  heat  in  them  to  be  nearly  as  i,  3, 
ahd  i£  refpedtively  :  In  the  laft  place  he  confidered 
the  heat  acquired  by  the  dry  earth  aforefaid,  as  the 
ftandard  of  our  fummer  heat,  and  annexed  it  to  the 
mean  denfity  of  the  Sun’s  rays  with  us  :  And  upon  this 
foundation  he  feems  to  have  conft ruffed  his  general 
fcale  of  heat  for  the  folar  fyftem.  But  it  is  prefumed 
that  the  reader  is  by  this  time  fatisfied,  that  the  main 
propofition  upon  which  that  great  author’s  reafoning 
was  founded  muft  fail  for  want  of  fupport,  however 
juft  his  conclufions  drawn  from  it  may  be  :  For  we 
now  find  regions  of  eternal  froft  under  the  equinoctial 
itfelf,  the  rigors  of  which  are  fcarcely  exceeded  in  the 
polar  regions  *,  and  this,  at  the  height-  of  but  two  or 
three  peipendicular  miles  above  the  common  furface 
of  the  Earth,  and  where  but  few  clouds  interpofe  to 
hide  the  beams  of  the  Sun.  If  therefore  we  fuppofe 
Durfelves  carried  up  forty  or  fifty  miles  higher,  or 
jo  the  very  top  of  the  atmofphere,  we  may  well  fhud- 
der  at  the  idea  of  fuch  a  fituation,  even  if  expofed  to 
<he  unclouded  rays  of  a  perpendicular  Sun. 

We 
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We  are  now  naturally  led  to  confider  fome  extern 
five  purpofes  which  the  great  Author  of  Nature  pro¬ 
bably  had  in  view,  when  he  formed  the  atmofpheres 
of,  and  annexed  them  to,  the  feveral  Planets  and 
Comets  of  our  Syflem.  We  have  feen  from  indifpu- 
table  authority,  that  the  denfity  of  the  Sun’s  rays  alone 
does  not  produce  a  competency  of  heat,  for  the  com¬ 
fortable  fubfiftance  of  the  inhabitants  of  the  Earth, 
even  in  its  hotted  climates,  but,  that  a  certain  denfity 
of  air  is  equally  necefiary,  for  thefe  rays  to  operate 
upon,  and  to  co-operate  with  them,  in  promoting  the 
various  purpofes  of  life  and  vegetation.  This  air  we 
are  abundantly  furnifhed  with  from  the  atmofphere 
which  furrounds  us,  the  denfity  of  which  at  every 
height,  is  proportional  to  the  preffure  of  the  incum¬ 
bent  fluid.  We  may  conclude  from  analogy  that  the 
atmofpheres  of  the  other  Planets,  and  of  the  Comets, 
aredefigned  for,  and  adapted  to  the  fame  purpofes  for 
which  the  atmofphere  of  the  Earth  was  originally  pro¬ 
vided  :  And  if  we  fuppofe  the  general  flock  of  heat, 
which  falls  to  the  (hare  of  any  Planet,  to  be  in  a  ratio 
compounded  of  the  denfity  of  the  Sun  s  ia^s  and  th  - 
denfity  of  the  air  upon  the  furface  of  the  Planet,  it  is 
eafy  to  conceive,  that  thefe  globes  may  be  feverally 
furnifhed  with  fuch  atmofpheres,  as  may  render  them 
comfortable  habitations,  whatever  their  diftances  from 
the  Sun  may  be.  That  the  heat  of  the  Sun  is  actually 
thus  difpenfed  to  the  Planets  neceflarily  follows  from 
the  experiments  and  obfervntions  contained  in  the 
foregoing  pages,  upon  the  fuppofition  that  they  ar^ 
furrounded  with  aerial  atmofpheres,  fusted  to  their  fe¬ 
veral  diftances  from  the  Sun  •,  that  they  have  fuch  at¬ 
mofpheres  is  already  proved,  and  the  Creator,  has, 
•  s  doubtlefs 
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doubtlefs  wifely  proportioned  their  refpe£Hv.e.  quanti¬ 
ties  and  denfities  according  to  thofe  diftances. 

The  tails  of  Cornets  are  nothing- more  than  expan- 
fions  of  their  atmofpheres,  whofe  lengths  depend  upon 
their  nearnefs  to  the  Sun  (as  before  obferved)  and  de- 
creafeas  they  recede  from  the  Sun',' becoming  invifible 
to  us  (generally)  before  their  ta&difappear  :  There¬ 
fore  we  have  the  higheft  reafonto  conclude  that  when 
thefe  globes  are  in  the  mod:  remote  parts  of  their  or¬ 
bits,  or  at  their  aphelia,  their  tails  wholly  fubfide,  and 
their  atmofpheres  refume  fpherical  forms,  like  thofe  of 
the  Earth  and  of  the  other  Planets,  furrounding  their 
nuclei  at  equal  altitudes  in  every  part  ;  the  Sun’s  at- 
mofphere  being  too  remote  to  have  any  fenfible  effect 
upon  them  by  its  repellency*  The  air  muff  of  con- 
fequence  be  prodigioufly  denfe  near  the  furtaces.  of 
their  globes,  being  compreflfed  by  the  weight  of  fuch  a 
vaft  incumbent  fluid  ;  whereby  the  Sun’s  rays,  though 
weaker,  or  lefs  denfe  than  with  us  in  the  ratio  of  the 
fquares  of  the  diftances,  may,  upon  our  principles, 
be  rendered  as  adtive  with  them,  and  as  produdlive  of 
fuch  degrees  of  heat  as  are  neceflfary  for  the  purpoles 
of  animal  and  vegetable  life,  as  with  us,  or  any  other 
Planet  of  the  Syftem. 

But,  (as  was  obferved  by  Doctor  JVilliamfon ,) 
fhould  thefe  atmofpheres  continue  of  the  fame  denflty, 
through  all  parts  of  their  orbits,  the  degrees  of  heat 
which  their  inhabitants  muft  undergo  at  their  peri¬ 
helia  would  be  unfufFerable  :  To  prevent  which,  the 
great  Author  of  Nature  has  made  fufhcient  provifion  j 
for  as  they  approach  theSun,they  are  by  the  repulfion  of 
his  atmofphere  (or  fome  other  caufe  equivalent  to  fuch 
fuppofcd  repulfion)gfaduallyfeaicdofth'at  incumbrance, 

j  ,  the 
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the  cometic . atmofphere  being  gradually  rarefied  and 
driven^ behind  its  body  through  vaft  fpaces  of  the 
Heavens  ;  what  remains  from  time  to  time  being 

more  and  more  rarefied  by  the  increafing  aftton  of 

„  uD<nh  -  if  they  come  near  enough  to  the  Sun,  the 

fniSants  ma/have  little  more  than  P 

,  t  •  Thne  rhe  Comet  of  1769,  wlllul 

breathe  in.  “  .  c  \  bafore  it  ar- 

,  „  r-  hav£  2one  nearer  to  the  Sun)  beroye  a 

aftonifhmg  ,  y  ^  nucleUs  it  furrounded  •,  the 
Snef  wh!n  viewed  through  the  beft  telefcopes,  pre- 

C  1  C’  1  inhiouflv  defined  luminous  appearance. 

But1  when  rmade  its  re-appearance  in  the  evening 

B,  t  Hner  end  of  OUober,  its  atmofphere  had 
about  the  Utter  d  d^:o  ^  rarefaaion  i„  palling 

undergone  fo  g  ^  lufficielu)y  pellucid  to  dll- 

fa** phinly  and  d  ' 

tinaiy  through  it. 

1  mrrlud0  even  with  certainty, 
M\Y  we  not  then  conclude.,  evci  ■ 

,  ,  a  Comet  is  perpetually  varying  its  d'ftance 

1  ,  wto  the  denfity  of  its  atmofphere  is  con- 

tr0nUvech“ng  -  through  the  various  ftages  of  its 
ttnually  chang ,  =>  °[hat  its  inhabitants  may  at 

T  mTenjoy  as  much  benefit,  and  receive  as  little 
K&.  the  Sun’s  rays,  as  the  inhabitants  of  any 

other  Planet  in  the  folar  Syftem  . 

Y>\  ine*tQ  revolve  in  orbits  nearly  cir- 

«  trsmssst  “ - —*•» 

of  the  Heavens  to  which  they  rente., 


V 


4 


' 


m 

[ 

n? 

If 

■  -  kr 


U 


'1*1 


rounded  with  fuch,  as  infinite  wifdom  faw  beft  fuited 
to  their  feveral  diftances  from  the  Sun  ;  fuch  as  might 
have  no  redundancies  to  be  thrown  off  in  tails  at  one 
time  more  than  another  ;  the  nearly  equal  diftances 
of  each  from  the  Sun,  in  the  feveral  parts  of  its  orbit, 
requiring  nearly  an  equal  denfity  of  atmofphere  at  all 
times. 

From  the  premifes  we  may  conclude,  that  the  at¬ 
mospheres  of  the  inferior  Planets  are  fmaller,  and 
thole  of  the  fuperior  ones  larger  in  fome  proportion,  than 
that  of  the  Earth,  in  order  that  their  denfities  near 
their  refpeflive  fuperficies,  may  be  fo  proportioned  to 
their  feveral  diftances  from  the  Sun,  as  that  they  may 
equally  (bare  the  benefit  of  his  rays.  For  want  of 
proper  agronomical  obfervations,  to  determine  this 
pomt  with  regard  to  the  other  Planets,  we  can  pro¬ 
nounce  with  certainty  only  concerning  Mars  :  As  that 
Planet  is  further  uiftant  from  the  Sun  than  the  Earth, 
his  atmofphere,  for  the  reafons  above  aftigned,  ought 
to  be  larger  than  our  own  ;  accordingly  it  appears 
(from  the  obfervations  referred  to  in  Part  I.  Note* 

I  age  12)  that  the  height  of  his  atmofphere  above  his 
iurrace is  at  leaft  equal  to  two  thirds  of  his  diameter; 
which  is  much  greater  than  that  of  the  Earth,  though 
it  falls  vaflly  fhort  of  thofe  of  the  Comets.  Obferva¬ 
tions  of  future  occultations  of  fixed  Stars  by  Jupiter , 
Saturn  and  the  other  Planets ,  made  with  better  inftru- 

ments,  may  poftibly  determine  this  point  with  regard 
to  them  alfo.  lf  G 

\  ' '  ’  .  ’  •,  r  ■  -  *•  ■  ->  -  , 

.  S£VERAL  objections  maybe  raifed  againft  the  prin¬ 
ciples  advanced  in  this  Efiay,  to  all  which  we  hope  to 
give  fatisfa&ory  anfwers.  As 

.  ■  '  1.  It 
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It  may  be  objefted,  that,  as  the  tight  of  the  Sun 
is  confeffedly  proportional  to  the  denfity  of  us  ra\  , 
hat  "s  inverfely  as  the  fquares  of  the  alliances  from 
1  Sun,  the  inconveniencies  arif.ng  therefrom  to  the 
inhabitants  of  the  Comets,  at  their  perihelia  and  apheha 
h  be  nearly  as  great  as  thofe  which  would  anfe 
Zt  the were  it  diftributed  in  the  fame  pro- 
*  or  at  leaft  if  it  did  not  render  the  Comets 

uninhabitable,  would  make  the  conditions  of  their  in¬ 
habitants,  at  times  very  uncomfortable.  For  example, 
were  the  light  of  the  Sun  adapted  to  their  various  pur- 

This  objeftion,  it  is  prefumed  will  vanifh  upon  a 
careful  attention  to  the  fti  ufture  of  the  eyes  o.  tei  re  ft  rial 
animals,  whole  pupils  contra*  or  dilate  mvohiut ^ 

'ind  fall  upon  their  retinas  is  &r  < 

,,it«  fat  „  wc||  »  b, 

fons  can  lee  to  read  by  |  h  reflefled 

day  light,  whereas  the  qu— J  1, 

from  objeds  in  the  two  cafe  ^  of  ^po- 

Smote  raytin  proportion  are  conlequently  admitted. 

Moreover,  there  are  fome  animals 

rl-tpir  holes  and  caves  at  the  approach  or  u.y, 
tire  to  their  holes  anu  .  the  glimmer- 

whofe  purpofes  are  as  well  anfwerea  by  tn  B  . 

•  ^ 


y 
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ino’  light  of  the  Stars,  as  thofe  of  others  are  by  the 
prefence  of  the  Sun  •,  there  are  yet  others  which  can 
behold  the  Sun  in  his  meridian  fplendor,  without  of¬ 
fence.  Now  if  we  only  fuppofe  that  the  inhabitants 
of  Comets  in  general  have,  in  the  original  formation 
of  their  optic  organs,  the  power  of  contracting  and 
dilating  their  pupils,  according  to  the  ftrengrh  or 
weaknefs  of  the  light  which  is  tranfmitted  through 
them,  we  may  eafily  conceive,  that  the  rays  of  the 

Sun  might  be  no  more  offenfive  to  them  at  one  time 
°  .  *  r  * 
than  at  another  ;  for  at  their  aphelia  their  pupils  might 

be  dilated  to  their  utrnoft  extent  ;  on  the  other  hand, 

at  their  perihelia,  they  might  be  contra&ed  to  phvfical 

points,  if  the  fplendor  of  the  Sun  fo  required,  whereby 

a  proportionally  fmaller  quantity  would  be  admitted. 

The  light  of  the  Sun  which  the  Cometarians  enjoy  at 
their  aphelia  is  indeed  much  greater  than  we  fhould  be 
apt  to  imagine  ;  for  letusccnfiderthe  Comet  of  1680, 
whofe  period  is  the  longed  and  its  aphelion  diftance 
the  grenteft  of  any  one  known,  being  (according  to 
Dr.  U alley )  to  the  mean  diftance  of  the  Earth  from 
the  Sun  nearly  as  138  to  1  but  from  the  reafoning 
of  Doflor  Smith,  in  his  optics  it.  appears,  that  the  pro¬ 
portion  of'  our  day  light  to  moon  light  with  a  full 
moon,  is  nearly  as  90  000  to  1  and  the  light  of  the 
Sun  upon  the  Comet  at  its  Jaft  mentioned  ftage  is  to 
his  light  with  us  but  as  about  1  to  19000,  therefore 
if  we  di  vide  90  000  by  19  000  we  fhail  find  that  Moon¬ 
light  with  us  is  to  Sun -light  upon  the  Comer,  nearly 
as  1  to  4 and  confequently  that  the  light  of  the  Sun 

*  Smith’s  Opticks,  Vol.I.  Page  29. 

,  enjoyed 
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enioyed  by  the  inhabitants,  of  that  Comet  at  its  aphe¬ 
lion  is  nearly  flve  times  as  great  as  the  light  ot  our  tuh 
Moon.  But  it  is  ftill  much  greater  upon  account  ot 
the  largenefs  and  denf.ty  of  the  atmofphere  •,  for  it 
L  certain,  that  our  day  light,  which  ts  equally  d.ffu- 
fed  upon  all  terreftrial  objeds,  and  renders  them  vi 
fible  P  depends  upon  the  refltdion  of  the  Sun 
rays,  ’from  the  atmofphere,  together  with  the  Hete¬ 
rogeneous  corpufdes  floating  in  it  •,  without  which  aU 

fuclr  objects  would  be  as  obfcure  as  at  midn-ght,  ci  en 
with  the  Sun  (hining  in  full  fplendor  above  the  lion- 
pxreotin^  thofe  upon  which  the  cured  rays  of 
the  Sun  might  fall,  or  fuchas  might  be  faintly  illumi- 
minated  byb  the  refledior.  of  thofe  rays  from  neigh¬ 
bouring  objeds:  The  Heavens  would  appear  perfe  > 
wT  and  the  fmalleft  Stars  would  appear,  at  noon- 
1  Mhdi  is  prevented,  only,  by  the  illumination  of 
the'atmofphere.  The  beautiful  azure,  which  we  ob- 
ferve  in  the  Sky,  alter  the  atmofphere  is  purged  of  its 
vapors,  bv  a  ftorm  or  thunder-guft,  antes  from 
aooearance  of  this  black  Sky,  through  the  air,  winch 
How  become  more  tranfparenr,  than  when  charged 
with  a  heterogeneous  colledion  of  opaque  corpufdes. 

The  atmofpheres  of  Comets,  being  much  larger  and 

’  r  than  that  of  the  Earth,  refled  a  much  greater 
oenfer  tha  thejr  hemifpheres  next 

proportion  or  the  -  ui  .  y  .  ,  j  tKe;r 

L  Sun  mult  therefore  be  more  rllurmnated,  ami  them 

d„v  light  increased,  in  the  fame  proportion  •,  altnou 

:  the  light  ari.fing  from  the  dired  rays  of  the  Sun  would 

be  confidetably  weakened  thereby. 

This 


I 
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This  reafoning  may  be  illuftrated  by  calling  to 
mind  the  effe&s  of  two  great  eclipies  of  the  Sun,  one 
of  which  happened  on  the  5th  or  6th  day  of  Auguft, 

1  766  ;  the  other  on  the  19th  day  of  January,  1.768  i 
which  effects,  moft  perfons  among  us,  whofe  attention 
was  turned  that  way,  may  recoiled  ;  during  the  for* 
mer  the  air  was  very  clear,  and  the  fkycloathed  in  a 
fine  blue,  excepting,  here  and  there,  where  a  few  fam¬ 
ine  r  clouds  were  fcattered  :  In  the  midft  of  this  eclipfe 
the  air  was  darkened  to  fuch  a  degree,  that,  although 
the  Sun  fhone  unclouded,  a  fickly  gloom  feemed  to 
fpread  over  the  face  of  nature.  In  the  latter,  (though 
a  much  greater  eclipfe)  the  air  was  full  of  vapors,  the 
reflection  of  the  Sun’s  rays  from  which  was  fo  copious, 
as  to  render  it  offenfive  to  the  eyes  to  look  at  the, 
Heavens,  before  the  eclipfe  began, and  in  the  middle  of 
it,  the  darknefs  occafioned  thereby  would  fcarcely 
have  been  noticed,  had  not  the  eclipfe  been  known' 
beforehand. 

The  inhabitants  of  Comets  enjoy  another  advan¬ 
tage  from  their  great  atmofpheres,  which  is  peculiar 
to  them  alone ;  for,  in  the  hemifphere  turned  from 
the  Sun,  they  can  have  no  dark  nights  like  thofe  of 
the  Planets  ;  but,  in  confequence  of  the  reflection  of 
the  Sun’s  rays  from  thofe  atmofpheres,  muft  be  fa¬ 
voured  with  perpetual  twilight  if  not  day  light  ;  fora 
cometic  atmofphere  is  enlightened  by  the  Sun  by  night 
as  well  as  by  day,  excepting  only  a  column,  which  is 
nearly  cylindrical  at  the  aphelion,  whofe  bafe  is  a  gre.at 
circle  of  the  Comet,  and  whofe  altitude  is  equal  to  the 

height  of  the  atmofphere  ;  which,  (confidering  the 

great 
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■reat  extent  of  the  latter,)  bears  but  a  fmall Po¬ 
tion  to  the  whole  atmofpheric  "  fa, 

includes  that  part  of  the  atmosphere  wh ch  »  e^P  ^ 
bv  the  fhadow  of  the  globe  ltfelf,  and, 
of  the  atmofphere  is  equal  to  ^^ole  vitt- 
globe*,  does  not  conta.n  „th  P  ^  of  the 

fible  hemtfphere  ;  and  is  Util  ie  s  1  d  con. 

refraftion  of  the  Sun’s  rays,  wh*h  ,  obable 

traits  the  cone  of  fhe  fhadow.  •  P  their 

?*  «£^£S5S&  -on- 

of  the  reader. 


ssss. .  4  "is* 

alternate  projeftion.  and  raw*™  « Jtime.be  fit 
•  f^'ffnrnlr  rn  conceive  tnat  they 
for  the  relation  of  their  iuppofed  inhab.tants. 


This  objeftion  might,  perhaps,  have  remained  un- 

SntWer  M ’Set  Dotr^W  SX  s '  ^o,  if  he 

ST*  Um  ";,S.  »•,£ 

gree  of  pertedion,  which  m  g  ,  ’  ,  fons 

been  wifhed  for,  than i«pearf.+  ^  ^  ; 

may  be  let  down  with  fafety  to  the  botto 

but  the  included  air  differs  ,n  denfuy « ^  ^ 

below  the  forface  of  the  water.  At  1 


*  See  Page  14-  ..  Tr,ns  Vol.  IV.  Page  1 38,  and  onward. 

t  See  Jones’s  Abridgment  of  1  hilos.  Tra  thirty -tWO 
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thirty- two  or  thirty-three  feet,  as  the  air  may  occa- 
fionally  change,  or  lefs,  in  proportion  as  fait  water  is 
heavier  than  frefh,  the  denfity  of  the  air  within  thje 
bell  is  double  the  denfity  of  the  external  air  ;  at  double 
that  depth  the  denfity  is  triple  ;  at  three  times,  four¬ 
fold,  and  fo  on.  Now  if  the  bell  be  let  down  without 
proper  precaution,  the  too  fudden  condenfation  of  the 
air  within,  would  give  the  adventurers  extreme  pain,- 
as  they  fometimes  found  by  experience  ;  and  fhould 
the  bell  link  fuddenly  to  the  bottom  of  the  fea,  the 
confequence  might  be  fatal  to  them  ;  for  the  fame 
reafon  that  a fquare  cafe-bottle,  filled  only  with  com¬ 
mon  air  above  the  furface  of  the  water,  and  corked 
tight,  if  it  were  let  down  with  rhe  divers  in  the  bell, 
would  from  the  increafmg  preffure  of  the  condenfing 
air  without  it,  be  crufhed  inwards,  and  broken  in 
pieces,  in  the  fame  manner  as  if  the  air  in  the  bottle 
had  been  exhausted  by  an  Air-Pump  above  the  fur- 
face  of  the  water  ;  which  effect  would  be  prevented 
by  the  fmalleft  hole  in  the  cork,  provided  the  bell 
were  let  down  leilurely,  fo  that  the  air  as  it  condenfed 
without,  might  gradually  infinuate  itfelf  through  the 
hole  into  the  bottle  :  On  the  contrary  were  the  bottle 
corked  at  the  bottom  of  the  fea,  and  the  bell  drawn 
up  from  the  depth  of  nine  or  ten  fathoms-,  before  the 
bell  could  arrive  at  the  furface  of  the  water,  the  bot¬ 
tle  would  bur  ft  outwards,  from  the  expanfive  force  of 
the  condenfed  air  within  it  ;  which  might  alfo  be 
prevented  by  a  fimilar  precaution.  And  it  is  doubt- 
lefs'from  the  latter  caufe  that  fome  perfons  who  have 
alcended  to  the  tops  of  high  mountains,  have  been 
ieized  with  Teachings,  vomitings  and  other  inconve¬ 
niences 
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niences  related  by  travellers  ;  the  external  air  of  the 
atmofphere  at  fuch  heights  being  too  rare  to  counter¬ 
act  by  its  preflure,  the  expanfive  force  of  the  denier 
air  which  is  interfperfed  throughout  the  various  veffels 
and  organs  of  animal  bodies. 

* 

But  DoCtor  Halley  teftiffes  from  his  own  experience, 
that  “  if  the  diving-bell  be  let  down  (or  drawn  up) 

“  giadually,  about  twelve  feet  at  a  time  with  an  in¬ 
i'  terval  ofbutafew  minutes  between,  no  inconve- 
«  nience  would  follow”  •,  as  the  feveral  organs  of  the 
body  would  by  degrees  be  inured  to  the  denfity  o*  the 
air,  as  it  increafed  or  decreafed  at  the  feveral  deptns. 

The  DoCtor  tells  us,  that  he  himfelf  was  hours  toge¬ 
ther  at  the  bottom  of  the  fea  in  nine  or  ten  fathoms 
of  water  ;  and  felt  himfelf  as  well  as  if  he  had  been 
all  the  time  on  board  the  (hip  :  But  the  denfity  of  the 
air  he  then  breathed,  mud  have  been  more  than  three 
times  as  great  as  that  of  the  air  above  the  luriace  of 
the  water  :  In  other  words,  he  then  breathed  in  air, 
compreffed  by  the  weight  of  between  three  and  four 
of  our  atmofpheres  inftead  of  one, and  often  or  a  dozen 
fuch  as  Don  de  Ulloa  breathed  in,  when  upon  the  tops 
of  the  mountains  of  Quito.,  without  any  inconvenience. 

Therefore,  it  timefufficienc  be  allowed  for  the  air,  in¬ 
cluded  in  the  feveral  veflels  of  the  human  body,  gra¬ 
dually  to  contract,  expand  or  otherwile  accommodate 
itfelf,  to  the  increafmg  or  decreafing  denfity  or  the 
exterior  air  •,  no  bad  conlequences  or  even  inconve- 
niencies  are  to  be  apprehended,  although  the  difference 
of  denfity  be  exceeding  great. 

But  by  the  gradual  and  regular  approachoi  any  Co  met; 

to,  or  recefs  from  its  perihelion,  (at  and  near  which  its 

velocity 
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velocity  is  greateft  and  the  confequent  changes  in  its 
atmofphere  are  moft  fudden  of  all)  the  increafe  or 
decreale  of  its  atmofphere,  is  much  more- regular, 
uniform,  and  infenfible  to  its  inhabitants*  than  any 
increafe  or  decreafe  of  the  denfity  of  the  air  can  be  in 
the  diving-bell  by  Do&or  Halley' s  method  ;  for  by 
the  latter,  a  degree  of  rarefaction,  or  condensation,  is 
effefted  in  a  few  minutes,  which'  might  not  take  place 
in  the  cometary  atmofpheres  under  fome  days. 

Perhaps  enough  has  been  already  faid  to  remove 
every  material  objection  ;  but  if  any  difficulties  yet 
remain,  in  the  mind  of  the  reader,  on  account  of  the 
vaft  changes  which  the  feveral  climates  in  each,  and 
the  atmofpheres  of  all  Comets  muff  neceffarily  under¬ 
go,  in  the  various  parts  of  their  orbits  ;  the  following 
additional  obfervations  are  fuhmitted  to  his  confide- 
ration  •,  which  may  tend  to  ffffen  thofe  difficulties,  if 
they  do  not  wholly  remove  them,  viz. 

As  a  Comet  approaches  its  perihelion,  that  hemif 
phere  of  its  atmofphere  which  is  next  to  the  Sun,  be¬ 
ing  more  immediately  expofed  to  his  rays,  will  feel  the 
effedts  of  his  neighbourhood  fooner  than  the  oppoflte 
hemifphere,  and  confequently  will  be  warmed,  rarefied, 
and  thrown  off  behind  theComet  by  therepulfion  ofthe 
Sun’s  atmofphere,  fooner  than  the  other  •,  the  colder  and 
denfer  parts  of  the  fluid  will  of  courfe  continually  flow 
in  from  the  other  fide  of  the  Comet  tofupply  its  place, 
in  order  to  preferve,  as  near  as  may  be,  an  equilibrium 
in  confequence  of  which  there  will  be  a  conftant  fuc- 
ceffion  of  the  cooler  air  from  thence  •,  whereby  the 
inhabitants  on  the  hemilphere  next  the  Sun  may  be 

continually 
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continually  refrefhed  with  gales  of  wind  during 
that  vicinity,  which  would  mcteafe  till  the  Con 
arrived  at  its  perihelion,  when  their  velocity  would  be 
.reft  of  all  -  but  even  then  they  would  not  (from 
future)  blow  in  hidden  violent  gufts  like  our 
hurricanes,  but  fteadily,  unlefs  ditturbed  by  cau  es 
from  within  the  Comet’s  atmofph «  ' 
as  the  velocity  of  the  current  mcreafed,  the  den 

fitv  of  the  fluid  would  leffen  from  the  increafing 

rarefaffion,  whereby  its  momentum  might  continue 

nearly  the  fame  ;  for  this  momentum  would  be  m  a 

rario  compounded  of  the  velocity  of  the  fluid  and. 
ratio  comp  ^  (he  violence  of  our  high 

denlny  ^|e  ’confequent  effefls  depend,  not  upon 

I" ve’loc  ty  merely,  but  upon  the  momentum  of  the 
^  rent  this  brilk  circulation  of  the  comeuc  air  may, 
^evet^eat  we  fuppofe  its  velocity)  be  rather  grate¬ 
ful  than  injurious  to  the  Cmetanans  :  And  how  unlit 
foever  the  iir  in  fuch  a  rarefied  ftate  ,m,ght  be  for 
their  ufe  if  ftagnant,  yet,  when  thus  put  in  motion  it 
may  be  ’rendered  fufficiently  aftive  to  anfwer  all  the 
purpofes  of  refpiration.  .This  reafomngis  confirmed 
byf  dafly  experience  :  For  it  is  not  an  uncommon 
Sng  for  people  of  tender  frames  to  faint  in  a 

t at  hand,  it  is  as  common  for  the  by-ftanders  to 
apply  it  to  their  faces,  which,  by  giv.ng  a  bulk 
motion  to  the  air,  without  any  alteration  of* 
denfity,  generally  revives  them,  in  a  ’ 

evn  when  no  other  remedy  is  at  hand, 
brifk  motion  of  the  air  would  alfo  -ove  -  pre¬ 
vent  the  difagreeable  fenfations  of  heat  wh  cfr  J 
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cometary  inhabitants  might  otherwife  fuffer  from  an 
expofureto  the  Sun’s  rays  at  their  perihelia  :  For,  if  a 
perfon  fit  with  his  face  uncovered  before  the  fcorchmg 
blaze  of  a  common  fire,  the  motion  of  the  air  excited 
by  a  common  fan,  even  without  hiding  the  blaze  from 
the  face,  is  lufficient,  not  only  to  make  the  fituation 
comfortable,  hut  to  change  the  painful  fenfation  to  an 

agreeable  coolnefs :  As  any  one  will  find  upon  trial. 

&  i:  ■  ■  l  i-  \i’.- 

If  we  fuppofe  that  every  Comet  has  a  diurnal  ro¬ 
tation  round  an  axis  of  its  own,  the  inhabitants 
may  enjoy  grateful  viciffitudes,  from  the  alternate  ab- 
fence  and  prefence  of  the  Sun  ,  and  ,f  we  further 
fuppofe  this  diurnal  motion  to  be  performed  contrary 
to  its  apparent  heliocentric  motion  the  returns  of  day 
and  ninht  would  be  quickened  as  it  approached  the 
Sun  from  the  increafe  of  its  angular  velocity  round 
that’ globe,  whereby  the  prefence  of  the  Sun,  in  that 
neighbourhood,  would  be  of  (hotter  duration,  upon 
anyone  part  of  the  Comet,  and  h,s  heat  might  be 
rendered  ftlll  lefs  irkfome  to  the  inhabitants,  on 
that  account.  It  is  true,  no  difcovery  has  been  made 
of  anv  fucb  diurnal  motion,  but  as  all  the  primary 
Planets  fo  far  as  our  obfervations  can  reach,  aie  dif¬ 
fered  to  have  fiich  motions,  we  may  well  be  allowed 
to  fuppofe  that  the  Comets  are  not  without  them  ;  efpe- 
ciallv  now  we  are  endeavouring  to  piove  their  habi¬ 
tability,  to  which  this  motion  is  perhaps  as  neceffary 
as  to  the  habitability  of  the  primary  I  lanets.  I  hefe 
rotations  have  been  already  difcovered  and  determined 
in  Venus,  the  Earth,  Mars  and  Jupiter.  Salut  »i  though 
a  vaft  globe  in  itfelf,  is  fo  remote,  and  Mercury  is  fo 
near  the  Sun,  and  fo  very  final!,  that  this  motion  to 
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thod  of  reafoning  will  equally  extend  to  he  Come 

r  .  .  Cvftem  The  diurnal  motions  of  the  Planets 

tZtflZ****  «■*  J?r 

with  their  annual,  both  motions  m  aU  «  far  «  y 
have  been  difcovered,  bemg  dueft,  or  from 
Eaft,  whereas  the  diurnal  m°uonS°'  fo[^ed  COn- 
ing  to  the  foregoing  fuppoto  n  a.p.^^  ^ 

trarytothis  rule:  But  th,^,s^  ^  ^  ^ 

the  byp°th:  -  J  other  particular  •,  the  annual 
motions  of  the'former  (as  now  obferved,)  ate  aU  due* 
and  are  apparently  -fine  witiun  t 

SfS&  revolutions  of 

Smerlr^ade  in’orbJ 

the  latter  are  P^^^to  be  ord^ed/  that  a 
bolical  all  which  feem  y  and 

multitude  of  Worlds  may  ex, ft  «  £  ‘ J ,  the 

be  enlightened,  war, in  their  mo- 

rays  of  the  fame  Sun,  without 

tions,  or  difturbing  the  harmony  o  ,e 

c  "i.;-;.  ?$£%££  IT, 

'reprefent  a  Comet  with  its  at- 

*  la  the  figure  the  fpeck  at  X  and  the 

Sun  S,  will  give  »  pretty  3uft  ‘<»ea  he  P  eprefenting  the  Comet's 

and  Comet,  and  of  the.r  atmofpheres  ,  the  dots 

atmofphere,  A  A  A,  *c.  the  Wphete  •  m0fphere 
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mofphere  and  tail,  the  dark  curve  line  ckdgb  on  one 
fide,  and  ci  a  ef  on  the  other,  may  ferve  to  give  an 
idea  of  the  motion  of  a  parcel  of  the  cometary  air 
from  its  more  condenfed  ftate  behind  the  Comet  at  r, 
through  its  various  ftages  of  rarefaction  and  repulfion  ; 
as  that  part  of  the  atmofphere  next  the  Sun,  viz.  that 
in  or  near  the  line  S  b  which  connects  the  centers 
of  the  Sun  and  the  Comet,  is  rarefied,  the  denfer 
air  from  behind  at  c  muft  neceflarily  flow  in  to  pre- 
ferve  as  near  as  pofiible  an  equilibrium,  and  continue 
fo  to  do  as  long  as  the  rarefaction  continues  to  increale. 
The  air  next  the  Sun  being  thus  rarefied,  that  at  c 
would  take  a  turn  round  the  nucleus  through  k  and  ?, 
but  before  thefe  feperate  parcels  came  to  d  or  a  the 
rarefation  would  fo  increafe,  that  they  would  begin 
to  al'cend,  and  as  they  afcended,  at  a  and  d  they  would 
repel  each  other  ;  they  would  ftill  keep  rifing  by  their 
increafing  rarefation,  through  S  b  as  through  a  fun¬ 
nel,  and  increafe  in  their  mutual  repellency  as  they  re¬ 
ceded  from  the  center  of  the  Comet,  till  at  length  at 
l  and  m  the  repellency  of  the  Sun’s  atmoiphere  would 
compel  them  to  retire  through  g  h  or  ef  whence  they 
would  proceed  to  the  extremity  of  the  tail, the  remain¬ 
ing  parcels  of  air  in  the  fame  cometic  hemifphere  would 
take  a  fimilar  courfe  (as  reprefented  by  the  faint  flrokes 
in  the  figure)  whether  their  diftances  from  the  Comet’s 
furface  were  greater  or  lefs,  till  at  length  the  rarefaction 
of  the  Comet’s  atmofphere  would  become  as  great,  as 
the  repulfive  power  of  the  Sun’s  atmofphere  could 
effedt,  or  the  Comet’s  vicinity  to  the  Sun,  require. — 
We  fhall  offer  one  obfervation  more,  for  the  confide- 
ration  of  the  reader  before  we  clofe  the  fubjedt,  viz. 

When 


mometer  tobeextr  me ^  ^  g  ca,m  ftagnant 
fo disagreeably, lf,he  at  P  he  mercurv  is  tenor  even 

{Ute,  as  at  other  times,  whe  ^  the  weather 

twenty  degrees  htgher,^^  ^  ^  ^  frequently 

warmer)  with  a  br  thermometers, 

obferved  by  from  the 

Now  when  a  Comet  is  °  condenfed  round 

Sun,  its  atmofphere  e  d^d  for  any  diftur- 

its  globe,  might  fork  *  .  For  whatever 

bances  it  could  rece  heavenly  bodies  may 

influences  baneful  or  falu  a  Y’  neiahbourhood 

reciprocally  communicate  J 

of  e^h  other,  the  Comes, n  r  he  ^  ^  o£her 

to  Such  inconceivable  diftance  ^  ^  ^  phy. 

globes  ot  the  Syft  »  ‘  ^  jn  fQ  calm  an 

finally  confidered  va^  illuminated  by  the 

tft  actable  «  the  inhabitants  of  the  Earth, 

or  of  any. other  Planet. 

i  inorrpr  clofed  than  in  the 
This  fubjea  cannot  be  better  cioie 

words  of  Doaor  iVilliamfon,  viz. 

.  •  ,r  we  form  of  the 

“  °NE  °f.  the:sPtohJisthe  Source  of  l.fe,inteUi- 
“  fupreme  Being  >  ,  a-liahts  to  communicate 

.  s«  t™—.  -*«  *—  ***  0f 
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creatures,  all  fitted  to  their  feveral  habitations. — 
Are  we  to  fuppofe  that  this  little  globe  is  the  only 
animated  part  of  the  creation,  while  the  Comets, 
many  of  which  are  larger  worlds,  and  run  a  nobler 
courfe,  are  an  idle  chaos,  formed  for  the  foie  pur* 
pofe  of  being  frozen  and  burnt  in  turns  ?— We 
cannot  admit  the  thought  ♦,  the  Comets  are  doubt- 
lefs  inhabited.” 
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IF  we  fuppofe  all  the  folid  globes  of  the  folar  Syftem 
to  be  annihilated,  their  atmofpheres  remaining  ; 
he  power  of  gravity,  which  had  theretofore  con- 
denfed  them  round  their  refpe&ive  orbs,  ceaftng,  they 
would  immediately  expand  the, 
in  confequence  of  the  mutual  repellency  of  ‘heir  Par 
tides  till  the  whole  fpace  in  which  the  oodles  of  the 
£  m  had  revolved,  was  equally  filled  with  the  fluid, 
Sd  when  its  denfity  became  equal  in  every  part,  the 
whole  would  be  at  reft. 


Smetim:  with  richotherl  ^fluiWhits 
particles  are  in  a  (fate  of  mutual  repulf.on,  yet  as  they 
Le  in  the  common  (late  of  gravitation  to  the  other 
bodies  of  the  Syftem,  would  be  attrafted  by  the  .eve- 
tal  globes,  every  particle  moving  towards  that  globe, 
whidi  (hould  have  thebalance  of  attrafhon  m  its  f  avour. 

Mercury's  atmofphere,  by  reafon  of  its  neighbour- 
hood  to  the  Sun,  and  the  fmallnefs  of  his  globe  would 
be  lead  of  all  and  very  inconfiderable  :  For  foppo^e 

a  right  line  A  B.  $  — - — -  ° 


drawn  from  the  center  of  the  Sun  to  the  center  of 
Mercury ,  to  be  fo  divided  in  D,  that  the  part  next 
the  Sun  may  be  to  the  part  next  Mercury  in  the  fob- 
duplicate  ratio  of  the  quantity  of  matter  in  the 


Sun  to  the  quantity  of  matter  in  Mercury  •,  every 
particle  between  D  and  B  would  defeend  to,  and 
be  condenfed  round  the  Sun,  and  thofe  only  be¬ 
tween  D  and  A  to  Mercury  ;  and  it  appears  by 

computation  that DB:  DA  :  :  3^93  •  1  nearly>  andin 
all  oblique  directions  the  particles, whofe  diftances  from 
the  Sun  and  Mercury  were  proportionably  greater  or 
fmaller,  would  defeend  to,  and  condenfe  round  one  or 
the  other  •,  unlefs  drawn  afide  by  fome  other  Planet  : 
What  is  here  faid  of  Mercury ,  is  equally  applicable  to 
the  other  Planets  ;  and  as  the  attraction  ot  the  Sun  is 
vaftly  greater  than  the  united  attractions  of  all  the 
Planets  together  ;  fo,  in  every  part  ot  the  Syftem, 
where  the  attractive  power  of  the  Sun  might  be  greater 
than  that  of  any  neighbouring  Planet  •,  the  fluid  oc¬ 
cupying  that  part  of  the  fpace,'  would  defeend  andjoin 
the  Sun’s  atmofphere  •,  while  the  reft  would  be  con¬ 
tinually  condenfing  round  the  Planets,  till  at  length 
the  feveral  globes  would  be  accommodated  with  their 
proper  atmofpheres,  when  the  Heavens  would  be  left 
a  perfect  vacuum  for  the  various  bodies  to  revolve  in, 
without  the  leaft  refiftance. 

If  the  Comets  be  fuppofed  to  have  been  created  and 
projected  in  their  feveral  orbits, at  their  aphelia,  or  at 
their  greateft  diftances  from  the  Sun,  it  may  be  eafy 
UDon  this  hypothefis  to  account  for  their  having  at¬ 
mofpheres  fo  much  exceeding  thofe  of  the  Planets  in 
their  dimenfions,  for  providence  has  fo  ordered  it,  that 
the  angles  ot  the  inclinations  of  their  orbits  to  the 
cclyptic  and  to  each  other  are  generally  very  great, 
and  their  motions  are  directed  to  all  parts  of  the 
Heavens  indiferiminately,  whereby  their  diftances 
from  the  Planets  and  from  each  other  at  their  apheha. 
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are  "teat  beyond  human  conception  ;  confequently 
rh!v  were  at  liberty  to  (hare  amongft  themfelves,  «>*- 
oucVanv  moleftation  from  the  Planets,  all  that  part  o 
the  fluid  which  filled  the  vaft  lpaces  of  the  Syftem, 
without  the  planetary  regions  •,  therefore  if  the  hypo- 

thefis  be  granted,  they  mult  neceffanly  have  ,uc^  a'" 
mofpheres,  as,  in  faff,  we  find  they  have,  and  which, 

in  their  defcent  through  the  planetary  fpheres,  are,  y 
the  (fuppofed)  repulfion  of  the  Sun  s  atmcfphere, 
driven  to  fuch  aftonifhing  diftances  behind  them,  as 
o  cafion  may  require.  Thole  whofe  aphehon  d.f- 
tanceswere  greateft,  being  more  fohtary,  would  con 
denfe  round  them  the  greateft  atmofpheres  and  fuch, 
their  greater  diftances  from  the  Sun  would  req  , 

upon  the  foregoing  principles,  to  make  them  com  J- 

tabie  habitations.  As  the  lengths  of  the, r  tads  would 

nrobablv  at  equal  diftances  from  the  Sun,  be  pi  op 
probably,  at  equ  reDellent  matter  contain- 

tional  to  the  quantities  of  this  repellent  be 

impo(Tiblertotforna>'aerationaieCo1i^e|fture  of  their  real 
aphelion  diftances,  by  obierving  the  apparent  » 

,rd  comparing  thofe  whofe  aphelion  diftances  a.e 
UnknownPw,th  thofe  which  ate  already  determined  s 
and  as  nearly  as  we  can  by  this  method  come  at  then 
gt'eateft  d.ftances  from  the  Sun,  fc ■  ne*r  y^.y  je 

(by  compart m  diftances  and  periodic 

diftances,)  determine  ft  ^  ^  fubmitKd  t0  better 

judgM.'and  is  defigned  only  as  ahint  for  future  inquiries. 
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